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Abstract — Twenty-seven weaned Barbaresca lambs, divided on the basis of live weight into three

groups of nine animals, were offered access to one of three different diets addressing the partial or to-

tal replacement of soybean meal and maize by chickpeas (Cicer arietinum L.). Soybean meal, maize

and chickpeas were present in the diets in the following proportions (% on an as-fed basis): 13-30-0

(SBM); 7-18-20 (C20) and 0-0-42 (C42). The diets had similar crude protein (162.6, 163.9 and

166.4 g·kg
–1

DM for SBM, C20 and C42 diets, respectively) and neutral-detergent fibre (NDF: 265.8,

250.0 and 253.1 g·kg
–1

DM, respectively). Lambs from the SBM and C20 groups tended (P < 0.10) to

grow faster compared to lambs from the C42 group (276 and 285 vs. 225 g·d
–1

, respectively). Accord-

ingly, final weight and empty body weight were higher (P < 0.10) in the SBM and C20 groups than in

the C42 group. Carcass fat score, caudal fat colour and firmness were not different across treatments.

On hind leg dissection, a higher (P < 0.10) lean/bone ratio was observed in C20 and C42 groups than

SBM. Meat ultimate pH, colour coordinates, drip and cooking losses and shear force were not af-

fected by diet as well as the chemical composition of the meat. In conclusion, partially replacing soy-

bean meal and maize by 20% chickpeas did not negatively affect growth performance compared to

totally replacing (42% chickpeas). Furthermore, the lean/bone ratio was more favourable in lambs

fed diets with soybean meal and maize partially or totally replaced by chickpeas. Meat quality was not

affected by the diet treatments.
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Résumé — Remplacement total ou partiel du tourteau de soja et du maïs par du pois chiche (Cicer

arietinum L.) dans des régimes pour agneaux : croissance et qualité de la carcasse et de la

viande. Vingt-sept agneaux de race Barbaresca, ont été répartis en 3 lots de 9 animaux sur la base de

leurs poids vifs. Chaque lot a reçu un régime différent avec une proportion de tourteau de soja, de maïs

et de pois chiche (Cicer arietinum L.) variable. Ces 3 aliments représentaient respectivement

13-30-0 % ; 7-18-20 % et 0-0-42 % pour les rations SBM, C20 et C42. Les teneurs en MAT (respecti-

vement 162,6, 163,9 et 166,4 g·kg
–1

MS pour les régimes SBM, C20 et C42) et en NDF (respective-

ment 265,8, 250 et 253,1 g·kg
–1

MS) étaient équivalentes dans les 3 régimes. Comparativement aux

agneaux du groupe C42, la croissance des agneaux des groupes SBM et C20 a eu tendance (P < 0,10)

à être plus rapide (225 vs. 276 et 285 g·d
–1

respectivement) et leurs poids vifs vides finaux ont été su-

périeurs (P < 0,10). La quantité de gras, la couleur et la fermeté du gras caudal ont été identiques dans

les 3 groupes. Le rapport muscle/os du membre postérieur a été plus élevé (P < 0,10) pour les

agneaux des groupes C20 et C42 que pour les agneaux du groupe SBM. Le pH ultime de la viande, ses

paramètres de couleur, les pertes d’eau lors du ressuyage ou de la cuisson ainsi que la force de cisaille-

ment de Warner Bratzler n’ont pas été affectés par le traitement. De plus, l’analyse chimique de la

viande n’a révélé aucune différence entre les trois lots d’animaux. Dans cet essai, le remplacement

partiel du tourteau de soja et du maïs par du pois chiche n’a pas affecté les performances de croissance

des agneaux. Le remplacement total ou partiel du tourteau de soja et du maïs par du pois chiche a aug-

menté le rapport muscle/os. La qualité de la viande n’a pas été modifiée par les traitements.

pois chiche / agneaux / Barbaresca / qualité de la viande

1. INTRODUCTION

In the Mediterranean area, the protein

and energy requirements of fast-growing,

intensively fattened lambs are usually satis-

fied by soybean and maize, the major ingre-

dients in concentrates, largely imported at

high costs. Furthermore, these feedstuffs

are often derived from genetically modified

varieties which is of concern to consumers.

In addition, the dramatic restriction in the

use of animal protein (related to the inci-

dence of BSE) produced a gap in protein

supply for ruminants [23], and therefore the

use of legume grains, in animal nutrition, is

expected to increase further in the near fu-

ture [11]. In many Mediterranean countries,

legume crops could be introduced into rota-

tion systems with cereals, largely practiced

as continuous crop production [10]. In pre-

vious trials the use of legume seeds such as

the faba bean (Vicia faba var. minor) and

peas (Pisum sativum L.) in lamb diets did

not negatively affect growth and carcass

characteristics but the effects on meat qual-

ity were contradictory [14, 15].

Chickpea (Cicer arietinum) is a legume

crop well-adapted to semi-arid conditions.

It has a high protein content (19–28% of dry

matter) as well as starch content [10, 12,

18]. The different protein degradability of

feeds included in the diets can affect rumen

efficiency with a dramatic effect on amino

acid absorption in the small intestine and

consequently on growth performance.

Chickpea protein is described as being

more degradable in the rumen than that of

soybean meal [10].

In lamb feeding, the replacement of soy-

bean meal and barley grain by chickpeas

does not affect the growth performance but

improves the digestion coefficients of dry

matter, organic matter and crude protein

[10].

The objective of this study was to evalu-

ate the effects of partial or total replacement

of soybean meal and maize by chickpeas on
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lamb growth, the carcass and quality of the

resultant meat.

2. MATERIALS AND METHODS

2.1. Measurements in vivo

and at slaughter

The trial involved twenty-seven male

Barbaresca lambs, born within a 5-day pe-

riod and reared on their’s mother milk until

weaning at 60 days of age. From the second

week of age, the animals were allowed ac-

cess to a starter commercial concentrate

(21% CP) and vetch-oat hay. After wean-

ing, the lambs were randomly assigned to

three groups of nine animals, homogeneous

for live weight, and stalled into three collec-

tive boxes on straw litter.

From day 60 to 67 of age, the lambs were

gradually adapted to the experimental diets.

Soybean meal, maize and chickpeas (the

“Volcano” variety) were included in the di-

ets in the following proportions (% on an

as-fed basis), respectively: 13-30-0 (SBM);

7-18-20 (C20) and 0-0-42 (C42). The diets

were ground and pelletted and supplied

ad libitum. Fresh feed was offered once

daily at the same time (9.00 h) and feed re-

fusals were recorded in order to evaluate the

voluntary feed intake. One lamb from the

C42 group was removed from the experi-

ment because of a health problem. The

lambs were individually weighed once

weekly before feed supply. The composi-

tion of the diets and their chemical analyses

are shown in Table I.

Neutral-detergent fibre (NDF), acid-de-

tergent fibre (ADF) and acid-detergent

lignin (ADL) were measured according to a

procedure of Goering and Van Soest [7].

Crude protein, ash and ether extract were

analysed according to AOAC procedures

[1]. Protein fractions were determined ac-

cording to procedures described by Licitra

et al. [17]. Soluble protein (A + B1) was

measured by an extraction with a borate-

phosphate buffer at rumen pH and was cal-

culated by subtracting the buffer-insoluble

nitrogen (B2 + B3 + C fractions) from the

Kjeldahl nitrogen. Non-protein nitrogen

(NPN, A fraction) was calculated from the

difference between Kjeldahl nitrogen and

true protein nitrogen precipitated with

tungstic acid. The B1 fraction was deter-

mined by the difference between true pro-

tein and buffer-insoluble nitrogen. NDIN

(B3 + C fractions) and ADIN (C protein
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Table I. Composition of diets and chemical analy-

ses (g·kg
–1

DM unless otherwise stated).

Treatment

Ingredients (%, on as-fed basis) SBM C20 C42

Lucerne dehydrated

Maize

Barley

Soybean meal

Carob pulp

Brewer's yeast

Chickpeas

Limestone

Ca monophosphate

Salt

Vitamin-mineral premix

20

30

25

13

7

2.5

–

1

0.5

0.5

0.5

20

18

23

7

7

2.5

20

1

0.5

0.5

0.5

20

–

27

–

6

2.5

42

1

0.5

0.5

0.5

Chemical composition

Dry matter (g·kg
–1

fresh)

Crude protein

Soluble protein (g·kg
–1

CP)

NDIN (g·kg
–1

CP)

A–protein fraction (g·kg
–1

CP)

B
1
–protein fraction (g·kg

–1
CP)

B
2
–protein fraction (g·kg

–1
CP)

B
3
–protein fraction (g·kg

-1
CP)

C–protein fraction (g·kg
–1

CP)

NDF

ADF

ADL

Crude lipids

Ash

880

163

22

22

18

4

119

12

10

266

134

35

26

71

885

164

52

18

33

19

94

4

14

250

133

35

31

76

888

166

79

19

45

34

69

10

9

253

138

34

35

72

Proportion of soybean meal, maize and chickpeas in

SBM (13-30-0), C20 (7-18-20) and C42 (0-0-42), re-

spectively; CP: crude protein; NDIN: neutral detergent

insoluble nitrogen; A = Kjeldahl nitrogen – true protein

nitrogen precipitated with tungstic acid; B
1

= true pro-

tein – buffer insoluble nitrogen; B
2

= buffer insoluble

nitrogen – NDIN; B
3

= NDIN – ADIN (acid detergent

insoluble nitrogen); C = ADIN.



fraction) are the neutral detergent-insoluble

nitrogen and the acid detergent-insoluble

nitrogen, respectively, and were deter-

mined according to an alternate procedure

using a Fibertec apparatus described by

Licitra et al. [17]. The B2 fraction was cal-

culated by the difference between

buffer-insoluble nitrogen and NDIN. The

B3 fraction was calculated from the differ-

ence between NDIN and ADIN.

The lambs were slaughtered by throat

cutting, after captive bolt stunning, at 132

days of age, after a 12 h-fasting period (wa-

ter was allowed). The parameters measured

at the abattoir were the slaughter weight,

the empty body weight, the hot carcass

weight and the net dressing percentage.

The hot carcasses were assessed for fat-

ness according to Dransfield et al. [6]

(1–15 point-scale) and then, after 6 h at

room temperature (around 13
o
C), stored in

a refrigerated room set to 4
o
C.

At 24 h post mortem in the caudal re-

gion, carcass subcutaneous fat colour was

measured according to the CIE (L*a*b*)

system [4] and fat subjective firmness was

estimated using a 9-point scale (1 being the

most firm, …, 9 being the most oily).

2.2. Meat instrumental analyses

At 24 h post mortem, carcasses were

halved into two sides and the hind leg was

separated from the right side to evaluate

lean, fat and bone percentage.

Meat ultimate pH was measured on the

longissimus dorsi (between the 3rd and 5th

lumbar vertebrae) muscle using an Orion

210A pH meter equipped with an Orion

9106 penetrating glass electrode. Colour

was measured on the same muscle accord-

ing to the CIE (L*a*b*) system on 3-cm

thick muscle slices allowed to bloom for

2 hours at 4
o
C. For these measurements a

MINOLTA CM 2002 colour meter (light

source: D65; visual angle: 10
o
) was used

perpendicularly to the cut surface of the

muscle. Chroma (C*) and hue angle (H*)

were also calculated according to the fol-

lowing formulae: C* = (a*
2

+ b*
2
)
1/2

; H* =

tan
–1

(b*/a*)(180/π).

At 96 h post mortem, longissimus dorsi

(between the 6th and 13th thoracic verte-

brae) samples were weighed (about 100 g)

and put on a plastic hurdle. Then both items

(meat samples on the plastic hurdle) were

put into sealed polyethylene bags hermeti-

cally closed to prevent surface evaporative

loss. After a 24 h storage period at 4
o
C, the

meat samples were removed from the bag

and reweighed. The difference in the

weight of the samples, before and after stor-

age, divided by the sample weight before

storage × 100 accounted for the % drip loss

[2].

The measurement of cooking losses was

conducted on the longissimus dorsi (be-

tween the 6th and 13th thoracic vertebrae)

samples weighed and held in plastic bags

and immersed in a 75
o
C water-bath until

the internal temperature reached 75
o
C as

monitored with a thermocouple. Then, the

bags were cooled under running tap water

for 30 min and blotted dry with paper tow-

els and reweighed. Cooking losses, as per-

centages, were then calculated from the

difference between the weights.

Warner-Bratzler shear force was mea-

sured on longissimus dorsi (between the 6th

and 13th thoracic vertebrae) samples

cooked as above. One portion of muscle

was divided into 10 × 10 mm blocks with

the longitudinal axis parallel to the fibres

and sheared perpendicularly to the fibre di-

rection with a Warner-Bratzler shear device

mounted on an INSTRON 4411 univer-

sal testing machine (cross-head speed

100 mm·min
–1

).

For chemical analyses, meat samples

(longissimus dorsi between the 6th and

13th thoracic vertebra) were vacuum-

packed and stored at –24
o
C until analysis.

Then after 24 h thawing at 4
o
C, moisture,

fat, and ash were evaluated according to

266 M. Lanza et al.



AOAC [1] while protein was calculated

from the difference.

2.3. Statistical analysis

All data were subjected to analysis of

covariance for initial weight and processed

by ANOVA, testing the diet effect. When

covariance was not significant (P > 0.05) it

was removed from the model. The Stu-

dent-Newman-Keuls test was used to dis-

criminate means when a significant

treatment (P < 0.10) effect was observed.

3. RESULTS AND DISCUSSION

The chemical composition of experi-

mental diets is reported in Table I. The diets

had comparable crude protein content and

NDF. The protein level (around 16% DM)

was comparable to that suggested by

Hadjipanayiotou [8] for Chios lambs

weighing 28–41 kg. The C42 and C20 diets

had a higher soluble protein content than

the SBM diet. Chickpeas and several other

legume seeds are richer in soluble and rap-

idly degradable protein as compared to soy-

bean meal and this accounted for this

difference [10]. The true soluble pro-

tein/non-protein nitrogen ratio (B1 frac-

tion/A fraction) was higher in the C42 diet

as compared to the C20 and SBM diets

(0.75 vs. 0.57 and 0.22, respectively), with

the B1 protein fraction rising as chickpeas

increased in the diets. The diet with the

higher soybean meal content (SBM)

showed the higher B2-protein fraction per-

centage as compared to C42 and C20 ac-

cording to previous results [13, 15, 16]. The

SBM diet revealed a 16–22% more NDIN

than the C20 and C42 diets and the higher

B3/C fraction ratio compared with the other

two diets (1.20 vs. 0.28 and 1.11 for SBM,

C20 and C42, respectively).

The C42 and C20 diets had higher crude

lipids content (+34.6% and +19.2%, re-

spectively) than SBM. The higher fat con-

tent in chickpeas compared to soybean

meal is in accordance to that reported by

Hadjipanayiotou et al. [9].

Growth rates and carcass results are pre-

sented in Table II. The lambs from the SBM

and C20 groups tended (P < 0.10) to grow

faster compared to those from the C42

group. Consequently, there was a signifi-

cant (P < 0.10) difference in final weights

with the lambs in group SBM and C20 be-

ing 10.7% and 12.3% higher compared to

lambs from C42. Probably the association

of soybean meal and chickpeas was more

efficient in satisfying the amino acid re-

quirements of lambs, thus enhancing

growth performances. Furthermore, the

much higher soluble protein content of the

C42 diet (more than threefold as compared

to the SBM diet and +52% as compared to

C20 diet, respectively) may have reduced

the efficiency of protein utilization with

lower amino acid absorption according to

previous results [13]. Hadjipanayiotou [10]

reported that Chios lambs fed diets with

13.6% and 32.9% chickpeas did not have a

significant difference in final weight and

daily gain as compared to the soybean

group.

The daily DM intake tended to decrease

as chickpeas increased in the diets accord-

ing to the results of Illg et al. [12] in grow-

ing heifers but in contrast to the results of

Hadjipanayiotou [10] in lambs and kids.

Lambs fed SBM and C20 diets consumed

27 and 19% more feed, respectively, than

lambs fed C42. Feed conversion ratio was

more favourable from lambs fed the C20

diet compared to lambs fed the SBM

and C42 diets. In line with final weight and

daily gain, the lambs from the SBM and C20

groups had a higher (P < 0.10) empty body

weight than the lambs from C42.

Hot carcass weight and net dressing per-

centage were comparable among the treat-

ments. Carcass fatness score was also

comparable among the groups and was as-

sessed as “ideal” and “abundant” according

to the SEUROP grid, but still acceptable for

the local market [15]. Carcass fatness was
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positively correlated (r = 0.52; P < 0.001) to

carcass weight according to the literature

[3]. Carcass fat colour was not affected by

the treatments as shown by comparable

lightness (L*), redness (a*) and yellowness

(b*) values. The lower reflectivity (L*) as-

sociated to higher redness (a*) in compari-

son to that reported for white fat carcasses

accounted for carcasses with brown-red

subcutaneous fat. Brown-red adipose tissue

often comes from animals fed on concen-

trates and is thought to be related to a soft-

ness effect on light reflectivity or as an

excess in heme pigment concentration or,

more, as an effect of peroxidation of unsat-

urated fatty acids [19]. Fat firmness was

similar among groups and identified a sub-

cutaneous fat intermediate between soft

and firm.

The hind leg dissection did not reveal sig-

nificant differences among the treatments

with regards to lean, fat and bone percent-

ages. Nevertheless, the lean/bone ratio was

higher (P < 0.10) in the C20 and C42

groups than in SBM (Tab. III). This trend

accounted for a favourable use of chickpea

diets, which allowed the repartition of nu-

trients towards more lean than bone deposi-

tion.

The results of the meat instrumental and

chemical analyses are reported in Table IV.

Ultimate pH were comparable among

groups and within a range of normal values

with no evidence of stress problems [5].

Lightness (L*), redness (a*) and yellow-

ness (b*) values of longissimus dorsi mus-

cle were comparable between treatments as

well as hue and chroma values. Lightness

was inversely correlated (P < 0.05; r = –0.15)

to ultimate pH as expected. Meat colour dif-

ferences can occur with regards to a direct

effect of diet on myoglobin [21]. Other fac-

tors such as ultimate pH, carcass fatness,

age, carcass weight and intramuscular fat

268 M. Lanza et al.

Table II. Lamb performances in vivo and at slaughter.

Diet treatment

SEM
a P-value

SBM C20 C42

Initial weight (kg) 17.0 16.1 16.1 0.470 NS

Final weight
1

(kg) 34.1
x

34.6
x

30.8
y

1.210 0.077

Average daily gain
1

67–131 d (g·d
–1

) 276
x

285
x

225
y

13.700 0.077

Voluntary feed intake (g DM·d
–1

) 1112 1046 877 NA NA

Feed conversion ratio (g DM·g
–1

gain) 4.03 3.67 3.90 NA NA

Empty body weight
1

(kg) 31.0
x

31.4
x

28.1
y

1.060 0.084

Hot carcass weight
1

(kg) 16.3 16.5 14.9 0.578 NS

Net dressing (%) 52.77 52.55 52.94 0.490 NS

Carcass fatness
1

(score) 9.91 9.67 9.35 0.368 NS

Subcutaneous fat lightness (L*) 64.90 66.86 64.78 0.992 NS

Subcutaneous fat redness (a*) 7.71 7.23 7.53 0.215 NS

Subcutaneous fat yellowness (b*) 9.23 8.56 8.54 0.224 NS

Subcutaneous fat firmness (score) 4.22 3.89 4.50 0.299 NS

1
In this and subsequent tables, for these parameters, analysis of covariance for initial weight was signifi-

cant (P < 0.05) and was included in the model.
a

In this and subsequent tables, SEM: standard error of the mean; NA: not applicable; NS: not significant;
x, y

P < 0.10.



content seem to play a major role [20]. All

these parameters were similar among treat-

ments and collectively contributed towards

differences in meat colour.

Water holding capacity measured as drip

and cooking losses were comparable

among the treatments. The drip losses were

weakly correlated (P < 0.10; r = –0.33) to

slaughter weight in accordance with the

findings of Solomon et al. [22]. Tenderness,

measured as the Warner-Bratzler shear

force at 96 h post mortem, was similar

among treatments and below 8 kg F·cm
–2

which accounted for acceptable tender sam-

ples [5]. Chemical analyses of longissimus

dorsi muscle did not reveal significant

differences among the three groups with re-

spect to the content of moisture, intramus-

cular fat, protein and ash.
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Table III. Hind leg dissection.

Diet

SEM
a P-value

SBM C20 C42

Leg weight
1

(kg) 2.4 2.4 2.1 0.092 NS

Lean
1
(% leg weight) 59.66 62.19 63.09 0.785 NS

Fat (% leg weight) 16.70 15.80 15.30 0.747 NS

Bone (% leg weight) 23.24 22.24 21.82 0.477 NS

Lean/fat 3.60 3.92 4.11 0.252 NS

Lean/bone
1

2.56
y

2.82
x

2.98
x

0.080 0.076

1, a
: see Table II.

Table IV. Physical and chemical characteristics of longissimus dorsi muscle.

Diet

SEM
a P-value

SBM C20 C42

pH
1

5.56 5.55 5.57 0.011 NS

Lightness (L*) 50.41 49.37 45.98 0.942 NS

Redness
1

(a*) 16.82 16.40 16.52 0.465 NS

Yellowness (b*) 7.53 8.11 7.96 0.319 NS

Chroma
1

18.42 18.37 18.37 0.531 NS

Hue angle 23.58 26.32 25.64 0.603 NS

Drip losses (%) 1.88 2.03 3.01 0.240 NS

Cooking losses (%) 22.46 24.19 23.54 0.850 NS

Shear force (kg F·cm
–2

) 6.30 5.82 4.92 0.392 NS

Moisture
1

(%) 74.23 74.54 75.10 0.210 NS

Protein
1

(%) 22.11 21.57 21.62 0.196 NS

Crude fat (%) 2.15 2.46 1.67 0.199 NS

Ash
1

(%) 1.48 1.45 1.63 0.052 NS

1, a
: see Table II.



4. CONCLUSIONS

The trial was designed to examine the use

of chickpeas as an alternative protein and en-

ergy source in the diet of lambs. Partially re-

placing soybean meal and maize by 20%

chickpeas did not affect lamb growth and

meat quality. When the lambs were fed a diet

containing 42% chickpeas as a total replace-

ment of soybean meal and maize, growth rate

was reduced. Dissection of the hind leg

showed that the lean/bone ratio was more fa-

vourable in lambs receiving chickpeas com-

pared to those given a diet with soybean meal

and maize. In conclusion, the use of 20%

chickpeas in the diet of growing lambs is fea-

sible with little detrimental effect on growth,

carcass and meat quality characteristics.

REFERENCES

[1] AOAC, Official Methods of Analysis, 16th ed.,

AOAC, Washington, DC, USA, 1995.

[2] ASPA (Scientific Association of Animal Produc-

tion), Metodiche per la determinazione delle

caratteristiche qualitative della carne (Proce-

dures for meat quality evaluation), University of

Perugia, Perugia, Italy, 1996, pp. 66–70.

[3] Chestnutt D.M.B., Effect of lamb growth rate and

growth pattern on carcass fat levels, Anim. Prod.

58 (1994) 77–85.

[4] CIE, Commission Internationale de l’Éclairage,

Colorimetry (2nd ed.), Publication CIE 15.2,

CIE, Vienna, 1986.

[5] Devine C.E., Graafhuis A.E., Muir P.D.,

Chrystall B.B., The effect of growth rate and ulti-

mate pH on meat quality of lambs, Meat Sci. 35

(1993) 63–77.

[6] DransfieldE.,NuteG.R.,HoggB.V.,WaltersB.R.,

Carcass and eating quality of ram, castrated ram

andewelambs,Anim.Prod.50(1990)291–299.

[7] Goering H.K., van Soest P.J., Forage fiber analy-

sis (apparatus, reagents, proceduresandsomeap-

plications), in: Agric. Handb. 379, ARS, USDA,

Washington, DC, USA, 1970, pp. 1–20.

[8] Hadjipanayiotou M., Protein levels for Chios

lamb given high concentrate diets, Ann. Zootech.

31 (1982) 269–278.

[9] HadjipanayiotouM.,EconomidesS.,KoumasA.,

Chemical composition, digestibility and energy

contentof leguminousgrainsandstrawsgrownin

a Mediterranean region, Ann. Zootech. 34 (1985)

23–30.

[10] Hadjipanayiotou M., Replacement of soybean

meal and barley grain by chickpeas in lamb and

kid fattening diets, Anim. Feed Sci. Technol. 96

(2002) 103–109.

[11] HanburyC.D.,WhiteC.L.,MullanB.P.,Siddique

K.H.M., A review of the potential of Lathyrus

sativus L. and L. cicera L. grain for use as animal

feed,Anim.FeedSci.Technol.87(2000)1–27.

[12] Illg D.J., Sommerfeldt J.L., Boe A.A., Chickpeas

as a substitute for corn and soybean meal in grow-

ing heifer diets, J. Dairy Sci. 70 (1987)

2181–2185.

[13] LanzaM.,PennisiP.,PrioloA.,Fababeanasanal-

ternative protein source in lamb diets: effects on

growth and meat quality, Zootec. Nutr. Anim. 25

(1999) 71–79.

[14] Lanza M., Priolo A., Biondi L., Bella M., Ben Sa-

lem H., Replacement of cereal grains by orange

pulp and carob pulp in faba bean-based diets fed

to lambs: effects on growth performance and

meat quality, Anim. Res. 50 (2001) 21–30.

[15] Lanza M., Bella M., Priolo A., Fasone V., Peas

(Pisum Sativum L.) as an alternative protein

source in lamb diets: growth performances, and

carcass and meat quality, Small Rum. Res. 47

(2003) 63–68.

[16] Licitra G., Carpino S., Campo P., Biondi L., Fox

D.G., Frazioni azotate e fattori di riduzione della

degradabilità ruminale al variare del livello

nutritivo nelle vacche da latte (nitrogen fractions

and discount factors of ruminal degradation in re-

lation to thenutritive levelsofdairycows), in:Av-

enue Media (Ed.), Proceedings of 10th A.S.P.A.

Congress, Bologna, Italy, 1993, pp. 111–118.

[17] Licitra G., Hernandez T.M., van Soest P.J., Stan-

dardization of procedures for nitrogen fraction-

ation of ruminants feeds, Anim. Feed Sci.

Technol. 57 (1996) 347–358.

[18] Martillotti F., Bartocci S., Terramoccia S., Guida

all’alimentazione dei ruminanti da latte (Guide-

lines about dairy ruminant nutrition), INEA,

Rome, Italy,1996.

[19] Prache S., Aurousseau B., Thériez M., Renerre

M., Les défauts de couleur du tissu adipeux

sous-cutanédescarcassesd’ovins (Discoloration

of sheep carcass subcutaneous fat), INRA Prod.

Anim. 3 (1990) 275–285.

[20] Priolo A., Micol D., Agabriel J., Effects of grass

feeding systems on ruminant meat colour and fla-

vour, Anim. Res. 50 (2001) 185–200.

[21] PurchasR.W.,On-farmfactorsaffectingmeatqual-

ity characteristics, in: Purchas R.W., Butler-Hogg

B.W.,DaviesA.S.(Eds.),MeatProductionandPro-

cessing, New Zealand Society of Animal Produc-

tion (Occasional publication No. 11), 1989.

[22] Solomon M.B., Kemp J.D., Moody W.G., Ely

D.G., Fox J.D., Effect of breed and slaughter

weight on physical, chemical and organoleptic

properties of lamb carcasses, J. Anim. Sci. 51

(1980) 1102–1107.

[23] Wilkins R.J., Jones R., Alternative home-grown

protein sources for ruminants in the United King-

dom,Anim.FeedSci.Technol.85(2000)23–32.

270 M. Lanza et al.


