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Summary. The influence of protein sources alternative to soybean was evaluated for feeding “Gentile di Pu-
glia” breed lambs. The lambs were fed pelletted diets containing alternatively: a) soybean b) faba bean; c) lupin 
or d) pea. Lambs fed the faba bean diet showed the greatest slaughter weight and a better carcass conforma-
tion; however, the carcasses were significantly fatter than those obtained from soybean fed lambs. The protein 
source did not affect the incidence of the different meat cuts of the half carcass with exception for the loin, 
that was higher in lambs fed with pea in comparison with those fed the lupin and soybean diets. The blood 
cholesterol level was lowered following feeding with faba bean as compared to the soybean and pea groups. In 
conclusion, the protein sources tested, with particular concern for faba bean, may effectively replace soybean 
in feeding for fattening lambs.
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«Impiego di fonti proteiche alternative per agnelli all’ingrasso 1. Performance in vivo, carat-
teristiche della carcassa ed indici del metabolismo energetico e proteico»
Riassunto. È stata valutata l’influenza dell’uso di fonti proteiche alternative alla soia nella razione di agnelli 
Gentile di Puglia all’ingrasso. Gli agnelli sono stati alimentati con mangime pellettato contenente: a) soia; 
b) favino; c) lupino; d) pisello proteico. L’uso del favino ha fatto registrare il maggior peso alla macellazione 
ed una migliore conformazione della carcassa che, però, è risultata significativamente più grassa di quelle dei 
soggetti alimentati con la soia. La fonte proteica non condiziona l’incidenza dei vari tagli sulla mezzena ad 
eccezione della lombata che è più elevata nei soggetti alimentati con pisello anziché lupino e, soprattutto, 
soia. La soia ed il pisello proteico hanno determinato un aumento significativo del colesterolo totale mentre  
il lupino ne ha condizionato i livelli più bassi. In conclusione, tutte le fonti proteiche saggiate e soprattutto il 
favino possono efficacemente sostituire la soia nella razione di agnelli all’ingrasso. 

Parole chiave:  Agnelli, fonti proteiche, performance, caratteristiche della carcassa, parametri ematici
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O r i g i n a l  a r t i c l e

Introduction

The worry of the public opinion about the widespread 
use of genetically modified (GMOs) feedstuffs in 
animal feeding, such as soybean, has lead to focus on the 

possibility to replace soybean with alternative legume 
grains able to satisfy animal dietary protein requirements. 
This alternative feeding strategy has also been encouraged 
by the agricultural policy of the EC that promotes the 
development of sustainable livestock farming (Regulation 
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EC 1804/1999). In the Mediterranean area there is a 
large diffusion of local legume crops that, in addition 
to the reduction of feed costs for livestock, may provide 
an additional benefit for the environment against soil 
nitrogen impoverishment and disruption of biological 
cycles of pests and plant diseases (1). In Italy there has 
been a growing interest in the development of GMO-
free production chains by promoting the production 
of organic and local foods. Legume grains such as pea, 
faba bean and lupin may be easily cultivated in the 
Mediterranean area and may be used for animal feeding 
with particular regards to monogastrics (2).

Despite the high degradability and solubility of 
their proteins (3), it has been reported that legume 
grains may not completely replace soybean in the 
rations for ruminants (4), although several studies 
report the positive effects of supplementation with 
lupin, faba bean and pea on growth performances of 
lambs and calves (5, 6, 7, 8, 9,10).

Faba bean (Vicia faba var. minor) is a typical 
cultivation in South Italy areas that is economically 
feasible and requires limited crop investments; the seed 
contains 30% of protein (rich in lysine but lacking in 
sulfur amino acids and tryptophan) and 42% of starch 
(11, 12).

Sweet lupin (Lupinus albus), with particular concern 
for the Multitalia variety, is characterized by a low content 
in alkaloids and a high protein content that can be up to 
35-40%, being very close to the soybean protein content 
(13). However, sweet lupin seeds contain anti-nutritional 
factors (14) which may limit its use.

Pea (Pisum sativum) is grown especially in the 
inland areas of South Italy; in rotation with other 
crops this cultivation is economically more competitive 
than other legumes grains (15). Compared to soybean 
(16) pea has a protein content ranging between 21 
and 24% (13, 17), with an amino acid profile lacking 
of methionine but characterized by a good level of 
tryptophan, arginine and lysine.

The values and/or trend assessment of some blood 
parameters are important indicators of the animal 
nutritional state and welfare (18, 19) and may be 
useful to identify metabolic imbalances or disorders, 
such as those caused by incorrect feeding or subclinical 
disease (20), thus leading to intervene with potential 
corrective actions.

The total cholesterol serum concentration is 
related to animal growth processes (21), while the 
blood glucose level provides information on the animal 
nutritional status as observed in goats by Morand-Fehr 
et al. (22). The determination of the total protein and 
blood urea level is important for the evaluation of the 
animal protein metabolism (23, 24, 25).

The aim of this study was to evaluate the influence 
of dietary faba bean, lupin and pea, such as protein 
sources alternative to soybean, in rations for finishing 
lambs, on the productive and slaughtering performances 
as well as on some blood parameters. The effects on 
meat quality, meat chemical composition and fatty acid 
profile of intramuscular fat will be discussed in a follow-
up study.

Material and methods

The trial was conducted from November 2009 
to January 2010, at a livestock farm situated in the 
province of Foggia (Italy) (41° N, 15° E, 620 m a.s.l.).

In accordance with the rules about animal welfare 
(97/2/EC directive, received in Italy by D. Lgs. 331/98), 
32 male lambs, weaned at about 42 ± 2 days of age, were 
randomly divided into four groups of eight animals 
each, homogeneous for age and initial live body weight, 
and fed with complete isoenergetic, isonitrogenous 
and isofibrose pellet feeds containing respectively: a) 
soybean (control group); b) faba bean; c) lupin or d) pea.

The pelletted feeds, whose composition is shown 
in Table 1, were administered ad libitum during 
the trial that lasted 7 weeks. Lambs were housed in 
individual pens (1 m2) where the average temperature 
ranged between 7 and 15°C. In order to evaluate the 
growth performances, lambs were weekly weighed and 
the amounts of feed administered and refusals were 
recorded in order to calculate the average daily weight 
gain and feed conversion ratio.

On the 1st and 7th week of the trial, blood 
samples were collected from the jugular vein by the 
Vacutainer® system from each animal in order to assess 
the energy (glucose, triglycerides, cholesterol) and 
protein (creatinine, urea, total protein and respective 
electrophoresis fractions) metabolism parameters. The 
serum samples collected in the farm were centrifuged at 
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3000 rpm for 15’, divided into aliquots and transported 
at 4 °C to the laboratory, where they were frozen at -20 
°C until analyses were performed. Serum biochemical 
parameters were assessed by using Assel reagents and 
SEAC photometer endowed with interferential filters. 
Serum protein electrophoresis was performed on agarose 
gel according to the Helena BioSciences method.

At the end of the 7th week lambs were slaughtered, 
after 12 h of fasting and live weight assessment, 
according to the veterinary rules and in respect of animal 
welfare (D.P.R. 320/54). The skin and fleece along with 
the empty gastro-intestinal tract were weighed in order 

to calculate the net warm dressing (carcass weight/net 
live weight) and net cold dressing (carcass weight after 
24 h refrigeration/net live weight) percentage.

The carcasses were refrigerated at 4°C for 24 h. 
After chilling, carcasses were weighed and evaluated 
for conformation and fatness using a 1-15 points scale 
according to Dransfield et al. (26) on the basis of EU 
grid (European Commision, 1992; 1993).

After detachment of the head, shins, omentum 
and pluck, the carcasses were split into two symmetric 
halves along the midline. The right half-carcass was 
then sectioned into commercial meat cuts (neck, 
shoulder, ribs, brisket, bacon, loin, leg) (27); the pelvic 
limb (leg) and the lumbar region (loin) were further 
dissected in order to evaluate their tissue components 
(percentages of lean, separable fat and bone).

Statistical analysis

Data were analyzed using the GLM procedure of 
the SAS (28). The statistical analysis of blood indexes 
was carried out using the ANOVA model for repeated 
measurements, taking into consideration as main 
effects diet (D), lamb age (A) and their interaction 
(DxA). Means were compared by the Student’s t test.

Results and discussion

Growth trial and carcass characteristics

Lamb performance data and slaughtering traits 
are shown in Table 2. Lambs fed the faba bean diet 
showed the greatest slaughter weight (23.07 kg) 
with significant differences (P<0.01) compared to 
the soybean (19.93 kg) and lupin (20.30 kg) groups, 
adversely to the results reported for Barbaresca (5) 
and Comisana x Valle del Belice lambs (10) where no 
differences were found following soybean replacement 
with faba bean. The difference in slaughtering weight is 
related to the average daily weight gain recorded; lambs 
fed with faba bean showed a markedly higher (P<0.05) 
daily weight gain (0.21 kg/d) compared to the soybean 
group (0.16 kg/d). Feeding with soybean and lupin 
determined similar daily weight gains, in agreement 
with the results reported in studies conducted on 

Table 1. Ingredients and chemical  composition (%)  of the 
diets

	 Soy bean	 Faba bean	 Lupin	 Pea

Maize	 12.0	 12.0	 18.0	 10.0

Oats	 18.0	 15.0	 12.0	   8.0

Barley	 12.0	 5.0	 26.0	    -

Alfalfa	 17.5	 17.0	 5.0	 22.5

Straw	 5.0	 4.0	 8.5	  3.0

Molasses	 1.7	 1.7	 1.7	  1.7

Soy bean meal	 12.0	 -	 -	   -

Faba bean meal	 -	 25.0	 -	   -

Lupin meal	 -	 -	 25.0	   -

Pea meal	 -	 -	 -	 25.0

Middlings	 17.0	 15.5	 -	 25.0

Soy bean oil	 1.0	 1.0	 -	 1.0

Calcium carbonate	 1.8	 1.8	 1.8	 1.8

Dicalcium phosfate	 1.0	 1.0	 1.0	 1.0

Sodium cloridre	 0.5	 0.5	 0.5	 0.5

Vitamin supplement	 0.5	 0.5	 0.5	 0.5

Total	 100	 100	 100	 100

Crude protein	 16.88	 17.07	 17.2	 16.32

Crude lipids	 4.49	 4.26	 4.43	 4.20

Crude fiber	 13.02	 11.78	 13.73	 13.45

NDF	 29.37	 30.45	 25.53	 31.21

ADF	 15.23	 15.40	 13.32	 15.53

ME (MJ/kg)	 11.11	 11.12	 10.82	 11.08
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fattening calves (29, 30, 31). Adversely, other studies 
carried out in lambs (32) and calves (33) reported a 
lower weight gain following soybean replacement with 
lupin. In this study the pea diet slightly improved the 
daily weight gain compared to the lupin and soybean 
groups, in agreement with the results reported by other 
Authors for lambs of the same breed (6, 34). On the 
contrary Lanza et al. (10) found a slight reduction in 
lamb growth when pea was used in place of soybean 
and faba bean. The feed conversion rate was slightly 
better (P>0.05) in lambs fed the faba bean diet (3.67) 
while it was worsened in those fed with lupin and 
soybean (4.71 and 5.05, respectively), as also found by 
Yu et al. (35). In general agreement with our data, also 
other Authors did not find any differences following 
soybean meal replacement with pea (7, 10, 36).

Lambs fed the faba bean diet showed a better 
carcass conformation (12.50 vs 9.86; P<0.05) 
compared to the control group although the carcasses 
were significantly fatter (7.50 vs 6.00; P<0.05), in 

contrast with the results reported by Lanza et al. (5) 
who found similar fatness scores between carcasses of 
lambs fed with field beans or soybeans. As for the pea 
diet, our data are quite comparable to those of other 
studies that report slightly fatter carcasses following 
feeding with pea (6) respect to soybean.

 The incidence of skin, gastrointestinal tract, pluck 
and omentum was quite comparable among the groups 
despite the protein source administered; the incidence 
of the head was higher in subjects fed with soybean 
compared to the faba bean group (5.21 vs 4.42%; 
P<0.05). In agreement with other studies (6, 7) and 
adversely to the findings of Yu et al. (37) who used 
integrations with other legume seeds, the net warm 
and net cold dressing percentage were not affected by 
the protein source. However, the results of this trial 
are slightly higher than those reported for Awassi (38), 
Manchego (39), Sarda (40) and Comisana x Valle del 
Belice breed lambs (10), probably due to the influence 
of the slaughtering weight (38).

Table2. In vivo performances and slaughtering data (% of empty body weight)

	 Diet	   SD1 (DF=19)	 F value

Variable	 Soy bean	 Faba bean	 Lupin	 Pea

Initial live weight (kg)              	 12.06	 12.57	 12.10	 12.25	 1.938	 00.9

Final live weight (kg)    	 19.93B	 23.07A	 20.30B	 21.65	 1.954	 3.41*

Weight gain (kg/day)    	   0.16b	   0.21a	   0.17	  0.19	 0.042	 2.13

Feed conversion index (kg/kg)  	   4.71	   3.67	   5.05	 4.39	 1.39	 1.14

Empty body weight (kg)	 17.72b	 20.35a	 18.09	 19.10	 1.983	 1.90

Hide 	 14.46	 14.23	 13.43	 13.75	 1.753	 0.42

Empty digestive tract 	   8.76	   8.32	   8.51	   7.74	 1.014	 1.11

Omentun 	   0.73	   1.23	   0.78	   0.83	 0.530	 0.95

Head 	   5.21a	   4.42b	   4.69	   4.68	 0.606	 1.70

Pluck   	   5.34	   5.47	   5.40	   5.40	 0.262	 0.23

Net warm dressing percentage	 53.15	 50.21	 52.19	 52.03	 3.582	 0.64

Net  cold dressing percentage	 52.22	 49.19	 51.41	 51.29	 3.258	 0.81

Chilling loss	   1.73	   2.00	   1.47	   1.36	 0.872	 0.75

Carcass conformation  score            	   9.86 b	  12.50 a	   10.71	  12.00	 2.020	 2.31

Carcass fatness score                     	   6.00 b	   7.50 a	   6.86	   6.50	 1.240	 1.66

1 Standard deviation of mean; On row: A, B: P < 0.01; a, b, *: P < 0.05.
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The chilling loss was similar in all the groups, 
while Lanza et al. (6) recorded a higher chilling loss for 
carcasses obtained by lambs fed pea instead of soybean.

Section and dissection data

The protein source didn’t affect the incidence of 
the different meat cuts (Table 3) on the half carcass, 
except for the pea diet that provided a significantly 
higher incidence of the loin in comparison with the 
lupin and faba bean (9.26 vs 8.43-8.63%; P<0.05) diets, 
and mainly compared to the control diet containing 
soybean (28.8%; P<0.01).

Table 4 shows the results referring to the 
dissection data of the loin and leg. In agreement with 
previous findings reported by Lanza et al. (5, 6), diets 
containing soybean, faba bean or pea provided similar 
results in terms of the edible part (lean and fat) as well 
as for the incidence of the bone, whose growth rate 
seems to be influenced more by the animal age than by 
the feeding regimen (41-44).

In lambs fed with soybean and pea, the lean/fat and 
lean/bone ratios are similar to those reported by Lanza et 
al. (6), whereas they are lower compared to those found by 
Abdullah and Qudsieh (38) in Awassi lambs slaughtered 
at approximately the same weight of our study.

The tissue composition of the loin, however, 
showed differences only in the percentage of fat that 
was significantly higher (P<0.05) in lambs fed with 
pea (25.63%) compared to those receiving soybean; as 
a consequence the lean/fat ratio is also markedly lower 
(1.70 vs 2.40; P<0.05). The increased fat deposition 
following the pea diet requires further investigation, 
although Purroy et al. (36) have hypothesized that the 
greater deposition of internal fat may be due to the 
higher net energy content of pea for growth.

Despite the protein source administered, the loin 
contained a higher percentage of fat compared to the leg 
(Table 4), accordingly to the results found in a previous 
study in nursing lambs of the same genotype (45).

Blood parameters

Blood glucose levels increased significantly 
(P<0.01) with age in all groups (Table 5), as confirmed 
by the data of previous studies (46, 47). This may be 
probably due to an increased sympathetic activity and 
functionality of the anabolic metabolism (48). The 
values recorded at the end of the trial were higher 
in lambs fed soybean, with marked differences only 
compared to the faba bean group (91.98 vs 80.24 mg/
dl; P<0.05). This increase may be due to the increase of 

Table 3. Section  data (% of half carcass) 

	 Diet	   SD (DF=19)	 F value

Variable	 Soy bean	 Faba bean	 Lupin	 Pea

Half carcass (kg)	   4.36	   4.67	   4.37	   4.62	 0.608	 0.40

Neck 	   9.47	   9.88	   9.07	   8.92	 0.857	 1.40

Steaks	 14.70	 15.27	 14.19	 14.53	 1.078	 0.95

Brisket 	 11.37	 11.42	 11.57	 11.20	 0.735	 0.26

Shoulder  	 17.17	 16.72	 17.26	 16.55	 0.797	 1.08

Loin 	   8.28B	   8.43b	   8.63b	   9.26Aa	 0.492	 4.48*

Abdominal region	   4.92	   4.88	   5.17	   4.80	 0.584	 0.44

Leg 	 32.16	 31.45	 31.97	 32.44	 1.023	 0.90

Kidney fat	   0.73	   0.74	   0.98	   1.03	 0.340	 1.27

Kidney	   0.85	   0.77	   0.75	   0.85	 0.165	 0.56

Testicle 	   0.35	   0.43	   0.42	   0.42	 0.146	 0.37

On row: A, B: P < 0.01; a, b, *: P < 0.05.
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live weight that the animals showed at the end of trial, 
in accordance with El-Barody et al. (46) who found 
a correspondence between the glucose increase and 
weight gain.

Total cholesterol blood levels (Table 5) were 
significantly influenced by feeding (P<0.01), and a 
significant (P<0.01) diet x age interaction was recorded.

The total cholesterol blood level did not change 
in the faba bean group, while a significant (P<0.01) 
increase was found for the soybean (57.54 vs 66.69 
mg/dl) and pea (57.64 vs 73.53 g/dl) groups; this result 
confirms the observations reported by El-Barody et 
al. (46) for different genotypes. In contrast, lambs fed 
the lupin diet showed a significant decrease (58.64 vs 
47.86 mg/dl; P<0.01) in blood total cholesterol levels 
with age. Since the level of this parameter is affected 
by feeding (49), the cholesterol-lowering action 
exerted by lupin found by Sirtori et al. (50) in rats and 
by Viveros et al. (51) in chickens may be confirmed 
also in the present study.

The blood concentration of triglycerides (Table 5) 
was not significantly affected by the diet and animal 

age and ranged between 23.82 and 25.42 mg/dl at the 
beginning of the trial and between 24.53 and 25.78 
mg/dl at the end of it.

Both blood urea and creatinine concentrations 
(Table 5) increased markedly (P <0.01) with animal age 
and were unaffected by the diet. The urea concentration 
reflects the changes of protein metabolism (23, 52) and 
the rise of its blood concentration during growth has 
also been reported in other studies (53-55). This may 
be related to the higher rumen degradability of protein 
and carbohydrates acquired by growing lambs (56-60) 
with age. The rise of creatinine blood levels during 
growth has been reported also by Abdel-Ghani et al. 
(53) for Sohagi lambs.

In general, the total proteins values (Table 6) were 
not affected by the diet but they significantly increased 
(P<0.05) with the animal age in agreement with the 
results reported for lambs of other genotypes (46, 53).

With regard to the protein fractions (Table 6), the 
albumin percentage was markedly affected (P<0.05) by 
the diet only in lambs fed with lupin, that at the end of 
the trial showed a lower value (63.25 vs 65.59-65.32 

Table 4. Dissection data (%)

	 Diet	   SD (DF=19)	 F value

Variable	 Soy bean	 Faba bean	 Lupin	 Pea

Leg (kg)	   1.41	   1.47	 1.39	   1.50	 0.195	 0.35

Lean 	 64.24	 62.44	 63.59	 62.29	 2.294	 0.97

Fat 	 11.23	 12.83	 11.06	 11.67	 1.811	 1.03

Bone 	 24.53	 24.73	 25.35	 26.05	 1.761	 0.88

Lean/bone	   2.62	   2.54	 2.53	   2.40	 0.247	 0.81

Lean+fat/bone	   3.08	   3.06	 2.97	   2.85	 1.744	   0.79

Lean/ fat	   5.82	   4.97	 6.01	   5.43	 1.076	    0.99	

Loin  (kg)	   0.37	   0.39	 0.38	   0.43	 0.064	    0.95

Lean 	 46.82	 45.01	 46.45	 43.06	 4.914	    0.72

Fat 	 20.54b	 23.67	 22.64	 25.63a	 4.286	    1.46

Bone 	 32.64	 31.32	 30.91	 31.32	 4.324	    0.18

Lean/bone	   1.48	   1.44	 1.52	   1.42	 0.287	    0.13

Lean+fat/bone	   2.14	   2.20	 2.25	   2.27	 0.403	    0.12

Lean/ fat	   2.40a	   2.02	 2.12	   1.70b	 0.577	    1.53

On row: a, b: P < 0.05.
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Table 5. Blood metabolites (mg/dl)

Variable	 Age (days)	 Diet	 SD (DF = 56)	 F value

		  Soy bean	 Field bean	 Lupin	 Pea		  Diet	 Age	 D x A

Glucose 	 42	 48.40	 41.98	 44.12	 45.84	 10.667	 2.08	 223.3**	 0.22
		  **	 **	 **	 **				  
	 90	 91.98a	 80.24b	 82.93	 84.62

Cholesterol  	 42	 57.54	 56.12	 58.64	 57.64	 7.014	 12.93**	 1.41	 12.7**
		  **		  **	 **				  
	 90	 66.69A	 50.20B	 47.86B	 73.53A				  

Triglycerides 	 42	 25.37	 24.69	 23.82	 25.42	 6.404	 0.01	 0.03	 0.15
	 90	 25.06	 24.97	 25.78	 24.53				  

Urea 	 42	 15.84	 16.02	 15.62	 14.29	 6.407	 0.95	 204.6**	 0.56
		  **	 **	 **	 **				  
	 90	 35.43	 37.09	 31.27	 37.02

Creatinine 	 42	 0.85	 0.84	 0.84	 0.82	 0.187	 0.17	 152.8**	 1.57
		  **	 **	 **	 **				  
	 90	 1.34	 1.20	 1.20	 1.24				  

On row: A, B: P < 0.01; a, b: P < 0.05; on column: **, P < 0.01.

Table 6. Protein fraction

Variable	 Age (days)	 Diet	 SD (DF = 56)	 F value

		  Soy bean	 Field bean	 Lupin	 Pea		  Diet	 Age	 D x A

Total 	 42	 5.60	 5.57	 5.56	 5.45	 0.531	 0.98	 6.43*	 0.35
protein (g/dl)	 90	 6.11	 5.76	 5.97	 5.66				  

Albumin  (%)	 42	 63.90	 65.11	 64.64	 64.94	 2.122	 1.89	 0.02	 0.70
	 90	 64.17	 65.59a	  63.25b	 65.32a

α1-globulin (%)	 42	 5.67	 5.86a	 5.58	 5.14b	 0.573	 3.15*	 32.70**	 1.84
				    **	 **				  
	 90	 6.05B	 6.44	 6.98Aa	 6.21b

α2-globulin (%)	 42	 13.28	 13.99	 13.35	 13.39	 1.377	 0.48	 0.63	 1.03		
	 90	 14.51	 13.73	 13.40	 13.43				  

β-globulin (%)	 42	 4.85	 4.54	 4,56	 4.77	 0.824	 3.45*	 1.95	 1.99
			   *
	 90	 3.89b	 3.53B	 4.89A	 4.95Aa

γ-globulin (%)	 42	 12.23	 10.50	 11.87	 11.76	 1.708	 2.23	 1.09	 1.09
	 90	 11.45	 10.71	 11.48	 10.09				  

Alb/glob	 42	 1.78	 1.88	 1.83	 1.87	 0.172	 1.80	 0.01	 0.57
	 90	 1.81	 1.91a	 1.73b	 1.89				  

On row: A, B: P < 0.01; a, b: P < 0.05; on column: **: P < 0.01; *: P < 0.05.
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mg/dl) compared to lambs fed with faba bean and pea; 
likewise, also Viveros et al. (51) found a decrease of the 
serum albumin level in chickens fed with lupin.

The α2 and γ-globulins were not influenced by age 
or by the feeding treatment; β fractions were affected 
only by the diet while the α1 globulin concentration was 
influenced by the diet (P<0.05) and increased with age 
(P<0.01).

The albumin/globulin ratio was not markedly 
affected by lambs’ age while at the end of the trial a 
significant difference between the faba bean and lupin 
groups (1.91 vs 1.73; P<0.05) was recorded.

It has been reported that the protein sources used 
in this study have nutraceutical properties (61) able to 
lower blood cholesterol, although not all with the same 
effectiveness. Research conducted on rats showed that 
both soybean and lupin lowered total serum cholesterol 
by 22.7% (50, 62), faba bean by 30% (63) and pea only 
by 14% (64). The anticholesterolemic action of these 
legume grains seems to be carried out through various 
mechanisms including their effect on the serum levels of 
HDL, VLDL and LDL lipoproteins, which are known 
to migrate respectively in the fractions α1, α2 and β of 
serum protein electrophoresis (65).

Based on the results of the present study, feeding 
with lupin showed to be very effective in lowering 
the cholesterol level maybe by affecting the HDL 
lipoproteins as shown by the significant increase of the 
α1 protein fraction. This effect is confirmed also by the 
results reported by Sirtori et al. (65) who found that the 
administration of a total protein lupin extract to rats 
determined a significant increase in HDLs along with 
a decrease of LDLs that, however, was not observed in 
the present study.

Although soybean is supposed to exert the same 
action assumed for lupin (66), in this study feeding with 
soybean showed no meaningful changes on the α and β 
fractions while it significantly increased the cholesterol 
levels.

In this study soy proteins lacked to show an 
hypocholesterolemic action; this result is in agreement 
with a previous research of Sirtori et al. (66), who 
hypothesized that the cholesterol lowering effect of 
soybean may be detected only in the presence of high 
cholesterol values which didn’t occur in the lambs of the 
present study since the subjects were devoid of diseases 

or metabolic disorders. Therefore, the cholesterolemic 
rise exerted by soybean is likely to depend on age (46) 
or on species-dependent actions (67).

Feeding based on faba bean determined cholesterol 
levels similar to those of the lupin diet; it induced a 
significant decrease of the β-globulins fraction, and 
therefore of LDL-lipoproteins, while no variation of 
the α1 and α2 fraction and, thus of the HDL and VLDL 
lipoproteins, occurred, accordingly to previous findings 
in hypercholesterolemic rats (63).

Although the diet containing pea determined a 
significant increase of α1 globulins, and thus of HDL 
lipoproteins, the serum cholesterol level was significantly 
increased instead of being lowered. This could be due 
not only to the subjects’ age but also to a reduced action 
of its components as reported in a study conducted on 
rats fed with five different legumes types in which pea 
showed a lower capacity in cholesterol reducing (64).

Conclusions

The use of faba bean, lupin and pea, as alternative 
protein sources to soybean in feeding for finishing 
lambs, did not negatively affect neither the in vivo 
performances nor the carcass yield and quality. The 
blood parameters studied seemed to be affected 
more by the animal age than by the diet except for 
total cholesterol. The results obtained in this study 
confirm the greater cholesterol-lowering capacity 
exerted by faba bean and lupin compared to soybean 
and pea in agreement with previous results reported 
for monogastric animals. Therefore, our data lead us 
to conclude that soybean can be effectively replaced 
by these legumes that have the great advantage of 
being GMO-free besides being local products, easily 
cultivated in the Mediterranean area.

A follow up study has been conducted in order 
to analyse the effect of feeding with legume grains 
alternative to soybean on meat quality and fatty acid 
profile of lamb meat that will be the subject of a 
subsequent paper. It would be advisable, moreover, to 
evaluate the occurrence of a possible associative effect 
of protein sources along with the effect of applying 
technological treatments to the legume grains in order 
to improve their nutritive efficiency.
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