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Abstract. The citrus industry produces a wide amount of citrus pulp which can represent an alternative feed resource 18 
forfeeding ruminants. However, citrus pulp also contains chemicals such aspolyphenols, which can cause toxicity, 19 
limiting its use. We investigated the potential of replacing barley by dehydrated citrus pulp (DCP), at two levels of 20 
inclusion (24% and 35% on an as-fed basis), in a lamb fattening diet and monitored the performance, feeding pattern 21 
and serum parameters of the experimental lambs. The consumption of a diet containing up to 35% of DCP resulted in 22 
equivalent performance, feedefficiencyandcarcassweightandyieldascomparedwithanimalsingestingacereal-based 23 
diet(control). The daily feed consumption pattern was slightly affected by the inclusion of citrus pulp in the diet. In terms 24 
of serum haematochemical profile, DCP ingesting animals had similar levels to control lambs. Pertaining to the serum 25 
protein profile, DCP addition had minor effects. A significant increase in the albumin content and in the albumin to 26 
globulin ratio was observed in the animals ingesting 35% DCP compared with the control-fed ones; but the values were 27 
not at a level to cause metabolic distress. The use of high levels of DCP in small ruminant fattening can ensure equivalent 28 
animal performances and metabolic welfare while providing a value addition to a local by-product. 29 

Additional keywords: dehydrated citrus pulp, polyphenols, serum metabolites, serum protein profile. 30 
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Introduction 
Ruminants have an intrinsic capability to convert several 
agroindustrial by-products into valuable products, namely meat 
and milk, allowing a waste to become a feed resource. Citrus 
pulp is an agro-industrial by-product of juice extraction from 
fresh fruits. Citrus are widespread in the Mediterranean region, 
which produces a fifth of world citrus production; Sicily is the 
main Italian producer accounting for ~50% of the country’s 
total production (ISTAT 2015). In livestock production, the 
cost of feeding is, in most cases, the main expenditure incurred 
by breeders; considering the concerns about the high 
dependence on cereals, and their highly volatile prices, the 
potential use of relatively cheap and locally available by-
products as a cereal 
substituteishighlyattractive.Severalstudiesdealtwiththeuseof 
citrus by-products in ruminant feeding (Bampidis and Robinson 
2006; Arthington et al. 2002; Wadhwa and Bakshi 2013). 
However, due to wide variation in citrus species and varieties, 
agronomicsystemsofproductionaswellasprocessingconditions, 
which affect the nutritional composition of the by-product 
(Kale 

and Adsule 1995; Bampidis and Robinson 2006; Wadhwa and 
Bakshi 2013) there is no universally recognised formula for its 
inclusion in animal rations, only guidelines. 

Citruspulpisknowntobeagoodsourceofdietaryfibre(Welch 
and Smith 1971) and soluble sugars (Wadhwa and Bakshi 
2013); it is also rich in plant secondary compounds such as 
phenolic compounds (Balasundram et al. 2006) and essential 
oils (for example, limonene) (Tao et al. 2009). The inclusion of 
citrus pulp in ruminant feed formulation may confer advantages 
such as improved animal health status (Callaway et al. 2011a), 
reduced 
nematodeseggshatchingsuggestingatendencytoshedfewereggs 
to the environment (Nordi et al. 2014) or improved meat shelf 
life (Gravador et al. 2014; Inserra et al. 2014) and intramuscular 
fatty acid composition (Lanza et al. 2015), but may also confer 
disadvantages such as hindered performance and metabolic 
discomfort (Durmic and Blache 2012). The present study aims 
at investigating whether the inclusion of locally available dried 
citrus pulp in a total mixed ration, as a substitute for barley, 
affects lamb productivity and metabolic welfare. 
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Introduction 33 
Ruminants have an intrinsic capability to convert several agroindustrial by-products into valuable products, namely meat and milk, 34 
allowing a waste to become a feed resource. Citrus pulp is an agro-industrial by-product of juice extraction from fresh fruits. Citrus 35 
are widespread in the Mediterranean region, which produces a fifth of world citrus production; Sicily is the main Italian producer 36 
accounting for ~50% of the country’s total production (ISTAT 2015). In livestock production, the cost of feeding is, in most cases, 37 
the main expenditure incurred by breeders; considering the concerns about the high dependence on cereals, and their highly volatile 38 
prices, the potential use of relatively cheap and locally available by-products as a cereal substitute is highly attractive. Several 39 
studiesdealtwiththeuseof citrus by-products in ruminant feeding (Bampidis and Robinson 2006; Arthington et al. 2002; Wadhwa 40 
and Bakshi 2013).  41 
However, due to wide variation in citrus species and varieties, agronomic systems of production as well as processing conditions, 42 
which affect the nutritional composition of the by-product (Kale and Adsule 1995; Bampidis and Robinson 2006; Wadhwa and 43 
Bakshi 2013) there is no universally recognised formula for its inclusion in animal rations, only guidelines. 44 
Citrus pulp is known to be a good source of dietaryfibre(Welch and Smith 1971) and soluble sugars (Wadhwa and Bakshi 2013); it 45 
is also rich in plant secondary compounds such as phenolic compounds (Balasundram et al. 2006) and essential oils (for example, 46 
limonene) (Tao et al. 2009). The inclusion of citrus pulp in ruminant feed formulation may confer advantages such as improved 47 
animal health status (Callaway et al. 2011a), reduced nematodes eggs hatching suggesting a tendency to shed fewer eggs to the 48 
environment (Nordi et al. 2014) or improved meat shelf life (Gravador et al. 2014; Inserra et al. 2014) and intramuscular fatty acid 49 
composition (Lanza et al. 2015), but may also confer disadvantages such as hindered performance and metabolic discomfort 50 
(Durmic and Blache 2012). The present study aims at investigating whether the inclusion of locally available dried citrus pulp in a 51 
total mixed ration, as a substitute for barley, affects lamb productivity and metabolic welfare. 52 

 53 
Materials and methods 54 
Twenty-six Comisana male lambs of 90 (10) days of age were selected. The animals were weighed, divided into three homogeneous 55 
groups and housed in individual pens. Each group wasallocatedtoanexperimentaldiet(Table1).Thecontrolgroup (Control, n = 8) was 56 
fed a total mixed diet mainly consisting of barley and lucerne hay, coarsely ground in order to avoid feed selection. Two groups 57 
received a mixed diet with the same ingredients as the Control group with the addition of different 58 
proportionsofdehydratedcitruspulp(DCP),respectively24%in Cp24group(n=9)and35%inCp35group(n=9).Therespective diets were 59 
given on an ad libitum basis from 9 a.m. to 6 p.m. and thissystemwasmaintainedthroughoutthedurationofthefeeding trial, which 60 
lasted for 56 days. A 10-day adaptation period was used; during this period lambs were fed the pre-experimental 61 
dietreplacedbygraduallyincreasingamountsoftheexperimental diets. 62 

The daily intake was measured by weighing the refused feed, which was then discarded. Water was always available. 63 
Animals were weighed weekly using an electronic weighing scale before feeding. The animals were slaughtered after 56 days of 64 

feeding trial by captive bolt followed by exsanguination. The experimentalprotocolwasapprovedbytheUniversityofCatania; the 65 
animals were handled by specialised personnel following the European Union Guidelines (2010/63/EU Directive). 66 

Feed and blood sampling 67 
Fresh feed samples (i.e. the mixed diets for Control, Cp24 and Cp35 groups) were collected four times during the trial (on Days 9, 68 
30, 44 and 51 respectively) for subsequent laboratory analysis, carried out on a pooled sample. The feeds were stored at 30C until 69 
analyses. 70 

Individual blood samples (10 mL) were collected from the external jugular vein using Vacutainertubes(TerumoCorporation, 71 
Tokyo, Japan) with no additive. Trained professionals were assigned to carry out this operation to minimise stress. The blood 72 
samples were collected, before feed allocation, on Day –10 (i.e. the day in which the adaptation period was begun) and on Day 55 73 
of the feeding trial. The blood samples were allowed to clot at room temperature (20C) and centrifuged at 2081g for 15 min at 4C 74 
to separate the serum. The serum samples obtained were neither lipemic nor haemolysed and were dispensed into 75 
plastictubesandstoredat80Cbeforeanalyses,performedwithin 2 months. At the time of analysis serum samples were thawed at 20C 76 
for 30 min before assessing serum haematochemical and electrophoretic parameters. 77 

Laboratory analyses Feed analyses 78 
Feeds were analysed for dry matter (DM); the AOAC (1995) methods were used for the analyses of crude protein (method 79 

984.13) and crude fat (method 935.38) extracted with petroleum ether. Neutral detergent fibre, acid detergent fibre and acid detergent 80 
lignin were determined according to Van Soest et al. (1991)with sodium sulfite, without aamylase and expressed with residual ash 81 
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method. The metabolis able energy was estimated by the use of ‘ASSIST.T Alimentazione’ software, version 1.3.1 developed by 82 
CRPA spa, Italy (www.CRPA.it, verified 10 August 2015). 83 

For the analysis of total phenols in the feed, samples were first treated as described by Makkar et al. (1993): total phenolic 84 
compounds were extracted from the feeds using aqueous acetone (70% v/v), analysed by means of the Folin–Ciocalteau reagent 85 
and expressed as tannic acid equivalents. 86 

Blood analyses 87 
Serum haematochemical and electrophoretic parameters were selected as indicators of metabolic welfare.88 

 89 
 90 
Table 1. Ingredients and chemical composition of the diets (Control, Cp24 and Cp35 groups) 91 
Item Diet  

Control Cp24 Cp35 
Ingredients (% as fed) 

Barley 60 35 23 
Citrus pulp 0 24 35 
Dehydrated lucerne 20 19 20 
Soya bean meal 9 12 13 
Wheat bran 11 10 9 
DM (g/100 g fresh weight) 88.9 89.4 90.6 
Crude proteinA 18.0 18.5 17.8 
Neutral detergent fibreA 34.6 31.8 33.1 
Acid detergent fibreA 13.7 16.0 18.0 
HemicelluloseA 20.9 15.8 15.1 
CelluloseA 5.4 5.9 6.5 
Acid detergent ligninA 8.3 10.0 11.5 
Ether extractA 2.2 1.6 2.2 
Total phenolsB 4.0 6.7 7.9 
Metabolisable energy (MJ/kg)C 10.49 10.52 10.51 
A 92 

Expressed as g/100 g of DM. 93 
B Expressed as mg of tannic acid equivalents/g of DM. 94 
C Expressed as fresh weight basis. 95 
 96 
In particular, among the haematochemical parameters total protein, total cholesterol, urea, total bilirubin, non-esterified fatty acids, 97 
triglycerides and iron were included. Electrophoretic parameters included albumin, a1, a2, b and gamma globulins. Total protein 98 
was measured by biuret method using an automated analyser (Knoelab20, Dasit, Helsinki, Finland). Electrophoresis was performed 99 
using a semiautomated AGE system (HelenaLaboratories,HelenaBiosciences, Gateshead, UK) according to the manufacturer’s 100 
procedure. 101 

Foreachserumsample10mLwereappliedtonumberedsample wells containing agarose gel previously prepared. Each gel could 102 
accommodate up to 24 samples. Films were electrophoresed for 28 min at 450 V. After electrophoresis, films were simultaneously 103 
fixed using an automated system (SAS2, Helena Biosciences), stained in blue stain acid solution (Coomassie Blue Brillant R250, 104 
Helena Biosciences) for 10 min, and then dried at 37C. After destaining in acetic acid and drying completely for 15 min, films were 105 
scanned on a densitometer (EZ-Scan, Helena Biosciences). Using the computer software Phoresis (Helena Biosciences), 106 
electrophoretic curves plus related quantitative specific protein concentrations for each sample were displayed. Relative protein 107 
concentrations within each fraction were determined as the optical absorbance percentage, and absolute concentrations (g/dL) were 108 
calculated using the total serum protein concentration. Values obtained were multiplied by 10 in order to express protein fraction 109 
concentration in g/L. 110 

Triglycerides and total cholesterol were assessed by means of a spectrophotometer (SEAC, Florence, Italy). Triglycerides and total 111 
cholesterol were determined after enzymatic hydrolysis by means of an enzymatic colourimetric test. Briefly, triglycerides were 112 
determined after enzymatic hydrolysis with lipoprotein lipase. The indicator was a coloured phenazone formed from hydrogen 113 
peroxide, 4-aminoantipyrine, and 4-chlorophenol under the catalytic influence of peroxidase. Total cholesterol was determined 114 

http://www.crpa.it/
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after enzymatic hydrolysis and oxidation. Hydrogen peroxide produced formed a red dyestuff by reacting with 4-aminoantipyrine 115 
in the presence of phenol and peroxidase. The colour intensity is directly proportional to the concentration of total cholesterol. Non-116 
esterified fatty acids were measured enzymatically with a commercially available kit (Randox Laboratories, Crumlin, UK). Samples 117 
exhibited parallel displacement to the standard curve; the intra-assay coefficient of variation was less than 8%. 118 

Urea, total bilirubin and iron were determined with the use of commercial kits (Centronic GmbH, Wartenberg, Germany) and 119 
finally measured using the UV Spectrophotometer (SEAC, Slim, Florence, Italy). 120 

Statistical analyses 121 
Analysis of variance (ANOVA) was used to determine the dietary effect on performance indicators, namely intake, live weight 122 
gain, feed efficiency, live and carcass weights and on serum heamatochemical and electrophoretic parameters. Data were analysed 123 
as a completely randomised design, with a model that included the diet as treatment effects. When the ANOVA was significant (P 124 
< 0.05), means were separated by pairwise comparison. Serum data were analysed separately on each day of sampling(i.e.Day–125 
10andDay55); when the dietary effect was significant at Day –10, statistical analysis for Day 55data included the value at Day –10 126 
as covariate. 127 
Individual data of the feed intake pattern in terms of DMintake (DMI) during the day were analysed by including the fixed effects 128 
of diet (Control, Cp24 and Cp35), as between-subject factor, and the experimental day (20, 33, 47 and 53) and period of the day 129 
(interval 1 = 0900–1200 hours; interval 2 = 1200–1500 hours; interval 3 = 1500–1800 hours) as within-subject factors. The model 130 
also considered the interactions. Animals, nested within the group, were included as random factor. The effect of the experimental 131 
day was not significant, so as implified model considering only diet, period of the day and their interaction was used. Pairwise 132 
comparisons allowed comparison of the mean values (P < 0.05). Data were analysed by Minitab software (version 16.0). 133 



 

Results 134 
Diet composition and lamb performance 135 
Composition and chemical profile of the Control, Cp24 and Cp35 diets are displayed in Table 1. The effects of the diets on in vivo and 136 
post mortem performances, presented in Table 2, were not significant for the most part of the parameters, but statistical differences were 137 
observed in nutrient intake. The total fibre content of the various diets was similar but, as expected, differed in terms of composition 138 
mainly due to the substitution of barley by DCP in the Cp24 and Cp35 diets. As a consequence, the intake of the fibre fractions was 139 
significantly affected by the experimental diet. In particular, acid detergent fibre and acid detergent lignin fractions intake was highly 140 
affected by DCP inclusion (P=0.044andP=0.016respectivelyforaciddetergent fibre and acid detergent lignin) with the Cp35 group 141 
ingesting significantly higher(P<0.05) amount than Control lambs. On the other side, the highest intake of the hemicellulose has been 142 
observed in the Control group when compared with both Cp24 andCp35 groups. According to the different polyphenols content of the 143 
three diets (Table1), lamb total phenol sintake(Table2)was significantly affected by the diet (P < 0.0005), showing citrus pulp-fed lambs 144 
significantly (P < 0.05) higher values than control-fed lambs. 145 

Feed intake pattern 146 

The daily distribution of the DMI was significantly affected by the period of the day(P<0.0005)and  the interaction diet*period (P < 147 
0.0005), whereas the effect of the diet was not significant (P > 0.05). On the whole, considering all three experimental groups, the lambs 148 
ingested the higher quantity of feed immediately after its supply, i.e. in period 1 (0900–1200 hours). They showed a decrease in intake 149 
consumption in period 2 (1200–1500 hours) followed by an increased intake in the last period of feed availability (1500–1800). The 150 
percentages of the total daily DMI were equal to 48% (1.08 s.e.), 21% (1.03 s.e.) and 31% (0.69 s.e.) for periods 1, 2 and 3 respectively; 151 

  152 
 153 
 154 
 155 
 156 
 157 
all   158 

these values were significantly different (P < 0.05). 159 
The same pattern was observed when comparing the proportion of DMI between the periods of the day within each dietary treatment 160 

(Fig. 1). Indeed the highest value was always found in period 1 and the lowest in period 2 whatever the diet supplied to lambs. However, 161 
it is worthy to note that within each period of the daya different pattern among the experimental diets was observed. The proportion of 162 
the ingestion in the first 3 h following feed distribution was significantly lower in the Cp35 group compared with the Control group (45% 163 
vs 51%; P < 0.05). In the interval 1200–1500 hours the Cp35 lambs ingested more DM than Control lambs (25% vs 18%, P < 0.05). In 164 
both periods 1 and 2 Cp24 lambs showed no different DMI percentages compared with the Control and Cp35 groups. In the last period 165 
of feed availability (1500–1800 hours) no significant differences in the proportion of DMI among groups have been detected. Overall, in 166 

Table 2. Performance and intake of lambs fed on Control (C) diet or two citrus pulp-based diets (Cp24 and 
Cp35) a,b, Within a row, means with unlike letters differ (P < 0.05) 

 Control (C) Citrus 24 (Cp24) Citrus 35 (Cp35) s.e.m. P-
value 

 Performance    

No. of lambs 8 9 9   

Bodyweight Day 0 (kg) 19.3 19.2 18.2 0.653 0.763 
Bodyweight Day 57 (kg) 29.6 29.6 28.5 1.04 0.876 
Average daily gain (Day 0 to Day 57, g/day) 181 181.3 179.2 8.37 0.994 
Dry matter intake (DMI, g/day) 749.2 767.0 756.4 30.2 0.886 
Feed efficiency (kg weight gain/kg DMI) 0.24 0.25 0.25 0.005 0.851 
Carcass yield (%) 43.8 44.0 43.7 0.416 0.953 
Carcass weight (kg) 13.0 13.1 12.49 0.530 0.882 
 Nutrient intake (g/day)    

Crude protein 135.1 141.8 134.2 5.29 0.824 
Neutral detergent fibre 259.4 243.6 250.3 9.71 0.824 
Acid detergent fibre 102.8a 122.5ab 136.4b 5.58 0.044 
Hemicellulose 156.6b 121.1a 113.9a 5.97 0.005 
Cellulose 40.6 45.5 49.2 1.93 0.199 
Acid detergent lignin 62.2a 77.01ab 87.21b 3.69 0.016 
Ether extracts 16.7b 11.96a 17.04b 0.761 0.005 
Total phenolsA 2996a 5156b 5950 b 315 0.0005 
A mg tannic acid 

equivalents/day. 
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our experimental conditions, citrus pulp inclusion in the experimental diets offered to lambs did not affect total DMI (Table 2) but 167 
differently modulated the rate of feed consumption when added at the highest level. 168 

Serum haematochemical parameters 169 
The concentrations of serum haematochemical parameters observed in all the animals before and at the end of the 170 

 171 

Fig.1. ThepatternofDMIthroughoutthedayintermsof%ofthetotaldaily intake (means  s.e.). a,b, Within each dietary treatment, different letters indicate 172 
differences between periods of the day (P  0.05). x,y, Within each period of the day, different letters indicate differences between dietary treatments (P  173 
0.05). 174 
experimental trial are shown in Table 3. 175 

There was no effect (P > 0.05) of the diets on all the studied parameters measured after 55 days of experimental diets being 176 
supplied. It can be summarised that, in our experimental conditions, the ingestion of citrus pulp did not affect the serum metabolic 177 
indicators. 178 

Serum protein electrophoresis 179 
The results of serum electrophoretic profile are shown in Table 4. Statistically significant differences were found among the groups 180 
atthebeginningoftheexperimentaltrial(i.e.10daysbeforeonset of trial) despite the randomisation of animals, which came from the 181 
same flock and were subjected to the same pre-experimental nutritionandhusbandrypractices.Consideringthatserumprotein fractions 182 
quickly change in response to nutritional and health statusandthatthecovariatestatisticalprocedureallowstoremove 183 

Table 3. Haematochemical parameters before the feeding experimental trial (Day –10) and at the end of the study (Day 55) 184 
a,b, Within a row, means with unlike letters differ (P < 0.05). *Statistical analysis includes the value at Day –10 as covariate and the 185 

interaction diet * covariate. The interaction diet * covariate was not significant (P > 0.05). Adjusted means are shown 186 
 Control (C) Citrus 24 (Cp24) Citrus 35 (Cp35) s.e.m. P-

value 
Total protein at Day –10 (g/100 mL) 5.89b 4.33a 6.48b 0.224 0.0005 
Total protein at Day 55 (g/100 mL)* 6.64 6.95 6.87 0.0976 0.582 
Urea at Day –10 (mmol/L) 6.65 5.24 5.73 0.275 0.120 
Urea at Day 55 (mmol/L) 7.12 8.28 7.96 0.247 0.159 
Total cholesterol at Day –10 (mg/100 mL) 44.25 40.22 53.80 2.81 0.110 
Total cholesterol at Day 55 (mg/100 mL) 46.13 42.56 43.00 1.73 0.691 
Triglycerides at Day –10 (mg/100 mL) 17.63a 15.78a 24.30b 1.15 0.002 
Triglycerides at Day 55 (mg/100 mL)* 25.83 22.24 20.62 1.17 0.778 
NEFA at Day –10 (mmol/L) 0.11 0.14 0.14 0.0089 0.422 
NEFA at Day 55 (mmol/L) 0.18 0.32 0.23 0.0334 0.247 
Total bilirubin at Day –10 (mM/L) 0.28 0.22 0.35 0.033 0.246 
Total bilirubin at Day 55 (mM/L) 0.33 0.33 0.45 0.039 0.347 
Iron at Day –10 (mg/100 mL) 146.5a 165.7ab 172.8b 4.27 0.031 
Iron at Day 55 (mg/100 mL)* 232.0 188.6 225.0 10.7 0.541 

Table 4. Serum protein profile before the feeding experimental trial (Day –10) and at the end of the study (Day 55) 187 
a,b, Within a row, means with unlike letters differ (P < 0.05). *Statistical analysis includes the value at Day –10 as covariate and 188 

the interaction diet * covariate. The interaction diet * covariate was not significant (P > 0.05). Adjusted means are shown 189 
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 Control (C) Citrus 24 (Cp24) Citrus 35 (Cp35) s.e.m. P-
value 

Albumin at Day –10 (g/100 mL) 3.36b 2.21a 3.06b 0.115 0.0005 
Albumin at Day 55 (g/100 mL)* 2.76 3.23 3.43 0.0791 0.905 
a1 globulins at Day –10 (g/100 mL) 0.24a 0.26a 0.46b 0.0329 0.003 
a1 globulins at Day 55 (g/100 mL)* 0.23a 0.33b 0.19a 0.0178 0.004 
a2 globulins at Day –10 (g/100 mL) 0.75 0.67 0.81 0.0468 0.488 
a2 globulins at Day 55 (g/100 mL) 0.93b 0.89ab 0.83a 0.0185 0.046 
b globulins at Day –10 (g/100 mL) 0.40a 0.34a 0.83b 0.0572 0.0005 
b globulins at Day 55 (g/100 mL)* 0.51 0.51 0.40 0.0236 0.887 
g globulins at Day –10 (g/100 mL) 1.13ab 0.86a 1.32b 0.0622 0.003 
g globulins at Day 55 (g/100 mL)* 2.15 2.24 1.84 0.105 0.469 
Ratio albumin/globulin (Day –10) 1.38b 1.07a 0.94a 0.0567 0.003 
Ratio albumin/globulin (Day 55)* 0.72a 0.86ab 1.07b 0.0454 0.044 

190 
any possible inference due to initial differences between groups, the results observed at Day 55 suggest that the experimental dietary 191 
treatments affected most of the selected parameters. Indeed, at the end of the experimental feeding trial, i.e. at Day 55, the globulin 192 
fractions a1 and a2 and the ratio of albumin to globulin (AG ratio) were significantly modified by the diet supplied to lambs. In 193 
particular, for the AG ratio the Cp35-fed lambs showed significantly higher values compared with Control-fed lambs (P < 0.05) 194 
whereas Cp24 lambs maintained average values that were not different from the other two groups. Among the globulin fractions, a 195 
significant(P=0.046)decreasing trend due to citrus pulp inclusion in the diet has been observed for a2 globulins, which were 196 
significantly lower in the case of Cp35-fed lambs compared with the Control ones. 197 

Discussion 198 
Intake and animal performance 199 
In this study substitution of barley by DCP, to up to 35%, did not affect DMI and all performance indicators providing an equivalent 200 
output, as exhibited by the similar carcass weight and yield. Literature shows similar results for calves(Ahooeietal. 2011) and sheep 201 
(Morales et al. 2010; Gilaverte et al. 2011); whereas an improvement has been observed in kids (Bueno et al. 2002) and in dairy 202 
cows (Miron et al. 2002). 203 

Our results suggest that, in our experimental conditions, the organic matter derived from DCP was equivalently degraded as 204 
compared with barley. Despite the different ingestion in terms of fibre fractions, in particular the much higher acid detergent lignin 205 
ingested, and polyphenols, there were no detrimental effects on feed intake and even on feed conversion efficiency in DCP ingesting 206 
animals. Thus it can be hypothesised that inclusion of DCP in this study did not cause nutritional inadequacies. These observations 207 
tend to agree with findings by Ben-Ghedalia et al. (1989) and Madrid et al. (1997) who attributed high digestibility to cell walls 208 
from citrus by-products which, to some extent, justify the similar carcass weight in the DCP ingesting animals when compared with 209 
those eating the Control diet. Nevertheless, the advantage that inclusion of DCP confers in terms of improved feed digestibility due 210 
to improved rumen microflora activity (Ben-Ghedalia et al. 1989; Moss 1994) was limited in the present trial as the latter is much 211 
more evident in a straw based diet, which was not the case in the present trial. 212 

This study seems to confirm that the restriction of feeding to only daytime (from 0900 hours to 1800 hours) does not adversely affect 213 
the animals in terms of meeting their nutritional requirements, as already observed in a similar research focusing on carob pulp inclusion 214 
in lamb diets (Gobindram et al. 2014). According to Gill (2004), this could be explained by the fact that sheep are diurnal animals 215 
predominantly eating during daytime. Another interesting aspect was that intake was not abated despite negative palatability issues 216 
(Battacharya and Harb 1973) sometimes associated with DCP. However, it could be hypothesised that the differences observed in the 217 
pattern of ingestion among the three groups throughout the day could be due to a negative effect of the highest level of citrus pulp 218 
inclusion on diet palatability. However, theshiftproducedinthefeedconsumptionintheCp35groupmade DMI more even along the day; this 219 
could be positively related to welfare (Villalba et al. 2011). 220 

Dehydrated citrus pulp has potential toxic effects in ruminants (Rihani 1991; Saunders et al. 2000) but, by virtue of the highly variable 221 
amount and types of substances which may cause such toxicity, it is very difficult to pinpoint the causing agent. Polyphenols are one of 222 
the group of secondary compounds that are present in citrus by-products (Balasundram et al. 2006). In our study we focussed on 223 
determination of polyphenols content to try to surmise any observable differences between the various diets; as expected, the polyphenols 224 
ingestion was strongly affected by the substitution of barley with dried citrus pulp. Frutos et al. (2004) suggested that there is a threshold 225 
level at which polyphenols adverse levels overcome positive effects and thence result in toxic symptoms and that threshold is variable 226 
depending on a range of factors partly due to the complexity of the polyphenols that can be found in feeds. It can be hypothesised 227 
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that the nature and the amount of ingested polyphenols, even by Cp35-fed lambs, may be not at a level for toxic symptoms to be 228 
observed, as reflected in the assessed parameters, or else that its effects have been countered by other substances present in the diet. 229 
Moreover, a possible effect of essential oils could be excluded. Indeed, the limonene content 230 
oftheDCPusedinthepresentstudywas~48mg/kgDM (W.Diani, unpubl.data),whichisatleast10000timeslessthanwhatcouldbe 231 
expected in citrus pulp (Amparo et al. 1998). 232 

Serum haematochemical profile 233 
Serum haematochemical profile can be considered as one of the means that can be used to detect animal welfare/animal health 234 
discrepancies (Broom1991;OhlandVander Staay2012). In this study, it was observed that in all of the measured metabolic parameters 235 
there was no significant difference among the diets. This is a promising result as it showed that even at the highest levels of DCP inclusion 236 
in lamb diets, i.e. at the highest polyphenols daily intakes, metabolic discomfort could reasonably be excluded. To our knowledge, this 237 
is the first paper in which the effect of high DCP level in the diet on ruminant metabolic parameters has been evaluated. Indeed, similar 238 
results have been observed in calves (Ahooei et al. 2011) and in dairy cows (Belibasakis and Tsirgogianni 1996) but in those studies, 239 
DCP percentages in the experimentaldietswere12%and20%respectively.Citruspulpcan contain also other secondary compounds, such as 240 
saponins and steroids (Mathur et al. 2011) that could have interfered with the polyphenols, thus limiting their effect. This would be in 241 
agreement with Provenza et al. (2003) who reported on the antagonistic, synergistic and complementary relationship existing between 242 
various plant secondary compounds (PSCs) and nutrients. It could have been expected that DCP diets would have provided a higher 243 
energy than the Control diet as DCP is often considered as an energy supplement in ruminant ration (Kim et al. 2007); however, this was 244 
not the case in the present study (Table 2). The composition of DCP may indeed vary a lot, mainly depending on the processing conditions 245 
thereby leading to variable composition of nutrients and secondary compounds both in quality and in quantity (Kale and Adsule 1995). 246 
In conclusion, it can be hypothesised that, in our experimental conditions, the higher polyphenols intake, the different fibre fractions 247 
ingestion and the potential presence of other PSCs due to citrus pulp addition to the diet did not affect protein and carbohydrates utilisation 248 
by the experimental lambs. 249 

Serum protein electrophoresis 250 
Protein is the most abundant component in plasma and its levels and its profile can assist in the diagnosis of immune system disruption 251 
(Eckersall 2008). In particular, the levels of a group of serum proteins called acute phase proteins are correlated with infection, trauma 252 
and inflammation(Eckersall2008).These acute phase proteins are termed as positive or negative depending on whether they increase or 253 
decrease in case of distress (Ceciliani et al. 2012). For example, albumin decreases with inflammation and is therefore a negative acute 254 
phase protein (Ceciliani et al. 2012). In this study, the experimental diets caused an increase in the AG ratio in DCP groups, probably 255 
linked to the higher polyphenol ingestion. Several authors have reported that AG ratio can be used as an indicator of metabolic disorders 256 
(Alberghina et al. 2010; Waziri et al. 2010) but seasonal variations have also been observed in sheep and goats (Piccione et al. 2011). 257 
Usually high AG ratio may be linked to impaired protein utilisation efficiency and liver dysfunction, whereas low AG ratio may indicate 258 
infection (Farver 1997; Ndlovu et al. 2009). The values of the AG ratio recorded in this study were quite far from those observed in Valle 259 
del Belice sheep, ranging from 1.2 to 1.7 (Piccione et al. 2011). However, the breed, age and sex effects may justify such variations. 260 
Considering that no symptoms of any pathology in the animals during the course of the trial have been observed, such significantly 261 
different levels of AG ratio can be attributable to the inclusion of DCP, which was the only variable factor among the three groups of 262 
animals. However, the reason why this occurs is relatively obscure as there is little knowledge on the composition of the diets in terms 263 
of secondary compounds, other than total polyphenols. DCP are known to have antioxidant properties (Middleton and Kandaswami 1994; 264 
Fattouch et al. 2007) and have the inherent capacity to reduce pathological bacteria like E. coli O157:H7 (Callaway et al. 2011b) and 265 
salmonella (Callaway et al. 2011c). It may be inferred here that somehow the inclusion of DCP affected the protein profile but not to a 266 
level to show any apparent signs of distress. 267 

Conclusions 268 
This study showed that DCP may be confidently used up to 35%, on an as-fed basis, as a substitute for barley in diets fed to fattening 269 
lambs. This can potentially lead to a significant reduction in feeding cost and provide a value addition to a local by-product while 270 
avoiding any metabolic distress to the animals. Moreover, complementary studies have demonstrated an improved meat quality in 271 
lambs fed citrus pulp diets. The highly variable nature of citrus pulp requires detailed analyses on nutrient composition and, above 272 
all, on secondary compounds in order to fully understand the metabolic reasons of the experimental results. Further studies could 273 
be advisable on this issue. 274 
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