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Abstract 

Chiofalo B., Lo Presti V., Savoini G., D’Alessandro E., Chiofalo V., Liotta L. (2011): Nucleotides 
in broiler chicken diet: effect on breast muscles quality. Czech J. Food Sci., 29: 308–317.

The study evaluated the effects of nucleotide dietary supplementation on the physical and nutritional characteristics 
of the Pectoralis major muscle of male broiler chickens (n = 60 000), divided into two homogeneous groups: Control 
(C) and Nucleotides (N). The animals of the two groups, from the birth (24 h of age) to the slaughtering age (52 days), 
received the same diet, supplemented (N) or not (C) with 0.1% of a Nucleotide pool. At the slaughtering, on a sample 
of 130 animals per group, randomly selected, the physical and nutritional characteristics of Pectoralis major muscle 
were determined. The meat of the N group showed significantly higher redness and Hue values, lower shear force 
values, higher lipid and ash percentages and iron content. Moreover, nucleotides significantly increased monounsatu-
rated acids and linolenic acid and decreased eicosapentanoic and docosahexanoic acids. The unsaturation degree was 
higher in the Nucleotides group and Atherogenic index was positively influenced by the nucleotide supplementation. 
Nucleotide dietary supplementation improved the physical and nutritional characteristics of the Pectoralis major 
muscle of broiler chickens.
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Biotechnology provides new and unprecedented 
opportunities to improve the productivity of ani-
mals through increased growth, carcass quality, 
and reproduction, improved nutrition and feed 
utilisation, improved quality and safety of food, 
improved health and welfare of animals, and re-
duced waste through more efficient utilisation of 
resources (Bonneau & Laarveld 1999). In this 
context, the advances in human medical biotech-
nology form an important basis for the research 

and development in animal biotechnology. In the 
application of biotechnology for the nutrition of 
farm animals, some nutrients, called nucleotides, 
improve feed characteristics through the gut and 
immune systems development and function in 
young animals (Gardiner et al. 1995); they rep-
resent an active and fertile area of research.

Nucleotides are low-molecular-weight intracel-
lular compounds made up of three components: 
(1) a nitrogenous heterocyclic base derivative of 
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either pyrimidine or purine; (2) a pentose (deox-
yribose or ribose), and (3) one or more phosphate 
groups (Stryer 1988). Nucleotides participate in 
many intracellular biochemical processes (Lerner 
& Shamir 2000) that are essential to cellular me-
tabolism: as nucleic acids, in biosynthetic pathways, 
in transferring chemical energy, as co-enzyme 
components as well as biological regulators (Cos-
grove 1998). 

Nucleotides are common components of the diet 
and the body provides mechanisms for their ab-
sorption and incorporation into tissues (Sanchez-
Pozo & Gil 2002). However, during the periods 
of rapid growth, certain disease states, limited 
nutrient intake or disturbed endogenous syn-
thesis of nucleotides (Lerner & Shamir 2000), 
their availability could limit the maturation of fast 
dividing tissues with a low biosynthetic capacity, 
such as the intestine (Leleiko et al. 1983; Van 
Buren & Rudolph 1997).

Regarding chickens, dramatic changes occur in 
the development of the small intestinal mucosa 
after hatching, including enterocyte maturation, 
intensive cryptogenesis and villous growth (Geyra 
et al. 2001). This intestinal development influences 
the growth rate, since intestinal maturation plays 
a rate determining role in providing the substrates 
for the growth (Smith et al. 1990).

Although many studies have focussed the atten-
tion on the effects of nucleotides supplementation 
as one of the most important aspects of research in 
clinical nutrition and functional food development 
for humans (Sanchez-Pozo & Gil 2002) thanks to 
their capacity to induce intestinal anabolic effects 
expressed by increased mucosal protein, DNA, 
villous height, and brush-order enzyme activi-
ties (Uauy et al. 1990), there is little information 
on animal nutrition even though, the researches 
pertaining to nucleotide administration in rats 
(Yamamoto et al. 1997), piglets (Domeneghini et 
al. 2004; Martinez-Puig et al. 2007), and broiler 
chickens (Chiofalo et al. 2006; Riolo et al. 2006; 
Esteve-Garcia et al. 2007) have shown rather 
consistent and encouraging beneficial results in 
the health management thanks to their potential 
effects as growth promoters.

Among the numerous metabolic processes, nucle-
otides modulate the lipid metabolism, particularly 
the long-chain polyunsaturated fatty acids and 
the lipoprotein synthesis (Fontana et al. 1999). 
With regards to polyunsaturated fatty acids, Gil 
et al. (1988) suggested that, in the neonatal pe-

riod, dietary supplementation with nucleotides 
stimulates the conversion of essential fatty ac-
ids, linoleic and linolenic acids, to their longer 
superior homologous fatty acids (arachidonic, 
eicosapentanoic and docosahexanoic acids); dif-
ferent mechanisms have been proposed to explain 
this increment: (i) the enhanced conversion could 
be attributed to the increased intestinal or hepatic 
synthesis of ∆-5-desaturase, as a result of increased 
protein synthesis; in fact, nucleotides are known to 
facilitate protein synthesis by increasing the avail-
ability of the precursors of RNA synthesis (Gil et al. 
1986; Garcia-Molina et al. 1991); (ii) nucleotides 
may produce changes in the intestinal microflora 
that may affect long-chain polyunsaturated fatty 
acids levels, because bacteria possess enzymes 
necessary for fatty acid elongation and desaturation 
(Cosgrove 1998); (iii) nucleotides may modulate 
chain elongation and desaturation in the enterocyte 
or in the hepatocyte (Cosgrove 1998) causing an 
increase of phospholipid synthesis in the liver (Gar-
cia-Molina et al. 1991). More recently, there have 
been conflicting reports regarding the effectiveness 
of dietary nucleotides to regulate tissue desaturase 
and hence stimulate the accumulation of both n-6 
and n-3 long chain polyunsaturated fatty acids in 
newborns (Gibson et al. 2005).

In consideration of the recent proposal of the 
European Parliament and Council to reduce strictly 
the use of chemical additives in animal nutrition 
(2004) and considering the scarce preferences of 
the consumers in industrialised countries to eat 
meats for their saturated fat content (Clauss 1991), 
the aim of this study was to evaluate the effect of 
a nucleotide pool supplemented in poultry diet 
on the physical and nutritional characteristics of 
the Pectoralis major muscle.

MATERIAL AND METHODS

Birds and diets. A total of 60 000 male broiler 
chickens Ross 508 genotype (AviagenTM, New-
bridge, Midlothian, UK), one-day-old broiler chick-
ens (mean weight 49.2 ± 6.2 g) were used in the 
feeding trial that lasted until the birds reached 
52 days of age. In total, 2-floor pens (surface area 
1800 m2 per pen) were used, each containing 
30 000 broiler chickens, called Control (C) and 
Nucleotides (N).

The birds were given ad libitum access to feed and 
water. A lighting schedule of 20L:4D was imposed 
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throughout the experimental period. Ambient 
temperature was gradually decreased from 32°C 
on day 1 to 20°C at the end of the experiment.

On day 1, birds were vaccinated against infec-
tious bronchitis, Newcastle and Marek’s diseases, 
whereas the Gumboro vaccination took place on 
day 18.

All the animals received a basal diet represented 
by a commercial complete feed containing: cereal 
grains, oilseed products and by-products (in-
cluding soyabean meal), oils, fats and minerals 
in different proportions in relation to the age of 
the animals; the nutrient concentrations of the 
basal diet (Table 1) met the requirements accord-
ing to the NRC (1994). The N group received, 
from the birth (24 h of age) to the slaughtering 
age (52 days), the basal diet supplemented with 
0.1% of a nucleotide pool (Prosol S.p.A., Madone, 
Bergamo, Italy) containing adenosine, guanosine, 
cytidine, and uridine 5'-monophosphates (AMP, 
GMP, CMP, and UMP) in similar quantities, ex-
tracted from yeasts (Saccharomyces cerevisiae) 
through enzymatic hydrolysis. 

The fatty acid composition of the diet adminis-
tered in the finishing period (from day 41 to 52) was 
analysed by GC-FID (Agilent Technologies 6890N, 
Palo Alto, USA) with a split/splitless injector, a 
flame ionisation detector, and fused silica capillary 
column OMEGAWAX 250 (Supelco, Bellefonte, 
USA), 30 m × 0.25 mm i.d., 0.25 µm film thickness. 
The column temperature was programmed: initial 
temperature of 100°C, increment of 4°C/min up 
to 200°C, and increment of 1.5°C/min up to the 
final temperature of 220°C. The temperature of 
the injector and detector were 250°C, injection 
volume 1.0 µl, carrier gas helium (1 ml/min), and 
split ratio 1:50. The identification of fatty acids was 

made by comparing the relative retention times 
of FAME peaks of the samples with the standards 
from Supelco (Bellefonte, USA). The chromato-
gram peak areas were acquired and calculated by 
Chemstation software (Agilent, Palo Alto, USA) 
and expressed in percentages of the identified total 
fatty acid methyl esters. The results are reported 
in Table 2.

Collection of animals and meat sampling. On 
130 animals for each group, randomly selected, 
the final body weight was determined and used to 
calculate the body weight gain (final body weight 
– initial body weight/experimental period (52 days); 
moreover, at the end of the trial the feed intake was 
calculated to determine the feed conversion ratio 
(feed intake/body weight gain). Mortality and litter 
quality were evaluated, too. The litter score was 
visually determined by 4 experienced technicians, 
using a scale of 1 (very wet litter) to 10 (very dry 
litter) (Nollet et al. 2007).

Table 1. Nutrient composition of basal diet in the different growing phases*

g/100g as fed
Growing phase (days)

1–10 11–21 22–40 41–52 

Dry Matter 88 88 88 88

Crude Protein 25 23.5 21.4 21.4

Ether Extract  7   7.4   9.8   9.8

Crude fibre 2.7 2.8 2.9 2.9

Ash 6.4 6.1 6.0 5.7

Methionine 0.7 0.6 0.5   0.48

*basal diet provided per kg: vitamin A (12 000 IU), vitamin D3 (5000 IU), α-tocopherol (80 mg), Cu (25 mg)

Table 2. Fatty acid composition* (%) of the finishing 
phase (days 41 to days 52) of broiler chicken basal diet 
(mean ± SD)

Item Mean SD

∑SFA1 40.30 1.35

∑MUFA2 39.16 0.48

∑PUFA3 20.54 0.66

∑PUFA n-6 18.24 0.79

∑PUFA n-3   2.30 0.20

*percentages of the total identified fatty acid methyl esters
1∑SFA = C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0
2∑MUFA = C16:1 + C17:1 + C18:1n9 + C18:1n7 + C20:1n9 + C20:1n7
3∑PUFA = C18:2n6 + C18:3n3 + C20:2n6 + C20:3n6 + C20:4n6 + C20:3n3 

+ C20:5n3 + C22:4n6 + C22:5n3+ C22:6n3
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On day 52 of age, all birds were slaughtered 
after a 12-h feed deprivation period in identical 
conditions following the recommendations of 
European Union concerning animal care (Eu-
ropean Union Directive 86/609/EEC 1986), us-
ing electrical stunning at 205 V to 225 V during 
3 s, and were bled, scalded in a vertical bath at a 
temperature of 82.8°C/5 min, defeated, eviscer-
ated, and rinsed. From each group, 130 carcasses 
(a total of 260 carcasses of the two groups) were 
randomly selected on the slaughter line, according 
to the slaughterhouse criteria, and stored at 4°C. 
On 24 h post-mortem, the carcasses were deboned 
and the breast muscles (Pectoralis major) without 
skin and adipose tissues were removed from each 
carcass, vacuum packed and chilled at 4°C until 
the analytical procedures.

Meat instrumental quality. The pH at 24 min 
post mortem (pH24) was measured on each Pec-
toralis major muscle with a portable pH meter 
(HI9023, Hanna Instruments, Padova, Italy) equip-
ped with a pH glass piercing electrode (Hamilton 
Double PoreTM, Reno, USA). The pH meter was 
standardised by a 2-point method against standard 
buffers of pH 4.0 and pH 7.0. 

The CIE system (CIE 1978) colour profile of light-
ness (L*), redness (a*), and yellowness (b*) was meas-
ured by a reflectance colorimeter using the illuminant 
source D65. The instrumental colour measurements 
were performed using a desktop photometer (Desk-
Top Spectral scanner, DV Tecnologie d’Avanguardia, 
Padova, Italy), calibrated throughout the study using 
a standard white ceramic reference. The colour was 
measured in single on the cranial, medial surface 
(bone side) in an area free of obvious colour defects 
(bruises, discolorations, haemorrhages, full blood 
vessels, picking damage, or any other conditions 
which might have affected a uniform colour reading). 
Hue (H) were calculated according to the following 
formula (Fraqueza et al. 2006): H = tan−1(b/a).

The cooking losses were determined on the in-
dividual half breast samples, cooked by immersing 
the individual bags in 80°C water bath for several 
minutes until the internal temperature reached 
75°C. After cooking, the bags were tempered at 
room temperature before opening to drain the 
liquid. The cooking yield was calculated by divid-
ing the cooked weight by the prefreezing weight 
and multiplying by 100 (Liu et al. 2004).

Shear force values were determined using an 
analyser equipped with a Warner Bratzler shear cell 
(INSTRON 5542, Burlington, Canada). A 10-mm 

(diameter) core was removed from the thickest part 
of each cooked fillet. Each sample was sheared with 
blades at the right angle to the fibres using a 50-kg 	
load cell and crosshead speed of 200 mm/minute. 
The shear force values are reported as kilograms 
of shear per cm2 of sample.

Meat chemical, fatty acid, and mineral com-
position. Moisture, fat, protein, collagen, and salt 
contents in each sample were determined, according 
to AOAC (2007) methods, by using Near Infrared 
Spectroscopy in Transmittance (FoodScanTM Meat 
Analyser; FOSS, Hilleroed, Denmark).

For the analysis of the acidic composition of 
intramuscular fats (Perfiled et al. 2002) on the 
individual lyophilised samples of meat, lipids were 
extracted by Bligh and Dyer (1959) method using 
a mixture of chloroform/methanol (2:1, v/v) and 
fatty acids methyl esters of the intramuscular fat 
were prepared by direct transesterification with 
sulphuric acid/methanol (1:9, v/v) of a weighed 
portion (15 mg) of the total lipids (Christie 1993) 
and analysed using the HRGC (Agilent Technolo-
gies 6890N, Palo Alto, USA) with a split/splitless 
injector, a flame ionisation detector, and fused 
silica capillary column OMEGAWAX 250 (Su-
pelco, Bellefonte, USA), 30 m × 0.25 mm i.d., 
0.25 µm film thickness. The column temperature 
was programmed: initial isotherm of 160°C (6 min), 
increment of 3°C/min, and final isotherm of 250°C 
(30 min). Temperature of the injector and detector 
were 250°C, injection volume: 1.0 µl, carrier gas 
helium (1 ml/min), and split ratio 1:50. The identi-
fication of fatty acids was made by comparing the 
relative retention times of FAME peaks of the sam-
ples with the standards from Supelco (Bellefonte, 
USA). Chromatogram peak areas were acquired 
and calculated by Chemstation software (Agilent, 
Palo Alto, USA) and expressed in percentages of 
the identified total fatty acid methyl esters. 

On the basis of the fatty acid identified, the 
quality indices were calculated using the equations 
proposed by Ulbricht and Southgate (1991).

Phosphorus (P) and iron (Fe) contents were 
determined by using atomic absorption spectro-
photometer (Cosgrove 1998). An aliquot of 0.8 g 
of the meat sample was mixed with HNO3/H2O2 
(4:1) and mineralised in a microwave oven using 
Teflon PFA reactors, equipped with a system of 
pressure and temperature regulation (by means 
of a vessel acting as a sensor). The same process 
was followed with a blank solution, prepared only 
with HNO3/H2O2 (4:1). After mineralisation, the 
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samples and blank solutions were made up to 25 ml 
with ultrapure water for iron analysis, and then 
diluted 1:4 for the analysis of phosphorous. All 
the glassware was treated with a diluted solution 
of HNO3 (0.1%) to prevent contamination.

The concentrations of phosphorus and iron were 
determined by two different atomic absorption 
methods:
– graphite furnace atomic absorption spectrometry 

(GFAAS) for phosphorus determination; 
– air-acetylene flame atomic absorption spectrom-

etry (FAAS) for iron determination. 
The atomic absorption spectroscopic determina-

tion of phosphorus was carried out with a Perkin 
Elmer AAnalyst 700 (Shelton, USA) spectropho-
tometer, equipped with a single-element hollow 
cathode lamp (current 35 mA), WinLab32 software 
for electronic processing of the results, a Perkin 
Elmer AS 800 Autosampler (Shelton, USA) and 
Perkin Elmer Graphite Tubes, using a background 
correction mode. Phosphorus standard solutions 
were prepared starting from the concentration of 
1 mg/ml in a blank reagent solution. The analytical 
concentrations, used to construct the calibration 
curve (5, 15, and 30 mg/l), were obtained by auto-
dilution with an auto-sampler. The calibration 
curve parameters: correlation coefficient 0.991, 
slope 0.0485, intercept 0.01016. A matrix modifier 
solution, consisting of a mixture of Pd (20 µl) and 
CaCO3 (5 µl), was added to each sample, reagent 
blank solution and standards were used to con-
struct the calibration curve.

The atomic absorption spectroscopic determina-
tion of iron was carried out with a Perkin Elmer 
AAnalyst 700 spectrophotometer (Shelton, USA), 
equipped with a single-element hollow cathode lamp 
(current: 30 mA), WinLab32 software for electronic 

processing of the results, and a Perkin Elmer AS 90 
plus Autosampler (Shelton, USA). For atomisation, 
air/acetylene flame was used. Iron standard solu-
tions were prepared by serial dilution of a primary 
solution of 1 mg/ml in a blank reagent solution to 
obtain the analytical concentrations (0.1, 0.2, and 
0.5 mg/l) used for the calibration curve. The cali-
bration curve parameters: correlation coefficient 
0.999, slope 0.031, intercept 0.00032.

Statistical analysis. The data were analysed by 
ANOVA using the GLM procedure of SAS (2001) 
with a model that included the treatments effects 
(Control and Nucleotides) and experimental error. 
Individual animals were considered as experimen-
tal units. The means were separated by means of 
the Least Significant Difference (LSD) test when a 
significant (P < 0.05) treatment was observed. 

RESULTS AND DISCUSSION

The N group showed a significantly higher final 
body weight (3300 g vs 3159 g; P < 0.001) and body 
weight gain (62.60 g/day vs 59.54 g/day; P < 0.01) 
in accordance with Esteve-Garcia et al. (2007) 
and Tipa (2002). No significant differences were 
observed for the feed conversion ratio (Nucleo-	
tides 2.24 kg/kg vs Control 2.34 kg/kg), litter score 
(Nucleotides 5.6 vs Control 5.5; P = 0.733), and 
mortality (Nucleotides 3.25 vs Control 3.20%). 

Meat physical characteristics

No significant difference between the treatments 
was observed with pH, lightness, and cooking loss 
(Table 3) in muscle, whereas a significant increase 

Table 3. Analysis of variance, least-squares means and SEM of the physical characteristics of the Pectoralis major 
muscle of broiler chickens fed diets supplemented or not with a nucleotide pool

Item Control Nucleotides SEM P-values*
pH24 5.75 5.77 0.219 0.300

Lightness (L*) 59.78 50.50 4.159 0.503

Redness (a*) 10.82 11.58 1.712 < 0.001

Yellowness (b*) 12.54 11.18 2.491 0.091

Hue (H) 0.86 0.77 0.092 < 0.001

Cooking loss of ground meat (%) 15.88 16.38 3.833 0.62

Shear value of ground meat (kg/cm2) 1.18 0.97 0.217 < 0.001

*ANOVA of average data in relation to the treatments effects (Nucleotides vs Control)
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of the redness and a significant decrease of the 
Hue values in the N group were observed. These 
results are in agreement with those by Zhang et 
al. (2008) that showed, in broiler chickens fed with 
increasing doses of inosinic acid, a reduction of the 
lightness and yellowness values and an increase of 
the redness value which contributed to the amel-
ioration of the meat colour. These results could be 
related to a better intestinal absorption of iron as 
observed in rats (Faelli & Esposito 1970), as a 
factor that improves iron bioavailability (Lerner 
& Shamir 2000; Mateo & Stein 2007). Table 3 
shows the effect of dietary supplementation with 
Nucleotide pool on shear force value. The breast 
muscle of the N group had significantly lower 
shear force values in comparison with the C group, 
these results could have been caused by the effect 
of dietary supplementation with Nucleotide pool 
on collagen fibril and on calpain enzymatic activity 
(Zhang et al. 2008) and by a higher ether extract 
content of the N group (Table 4).

Nutritional characteristics of the meat

The chemical composition of the Pectoralis major 
muscles is reported in Table 4. The results, ex-
pressed in g/100 g of edible part, are in agreement 
with those obtained by others (Castellini et al. 
2006; Cavani et al. 2009; INRAN 2010). 

No significant difference was observed for protein 
and energy contens between the groups. Whereas, 
nucleotides administration influenced significantly 
(P < 0.001) the ether extract content, showing 
higher values in the N group than in the C group; 

this could be related to the physiologic effect of 
nucleotides to stimulate the plasmatic α-lipopro-
tein synthesis (Schlimme et al. 2000; Mateo & 
Stein 2007) and to increase the haematic levels 
of high density lipoprotein during the neonatal 
period (Sanchez-Pozo et al. 1996). 

Moreover, the significantly (P < 0.001) higher 
value of ash observed in the N group could have 
a twofold explanation: (i) the chemical structure 
of nucleotides where are, among the three com-
ponents of the structure, one or more phosphate 
groups and (ii) nucleotides stimulate the iron ab-
sorption at the intestinal level (Cosgrove 1998) 
through the conversion of purine nucleotides 
(AMP GMP) to inosine, hypoxanthine, and uric 
acid which increase the absorption of iron. In fact, 
the iron content of the meat shows a significantly 
(P < 0.05) higher value in the nucleotides group 
(Table 4). 

As regards the phosphorus content (Table 4), 
the analysis performed on muscle tissue showed 
a slightly higher mean value in the nucleotides 
group, even though the difference is not signifi-
cant. This could be due to a higher accumulation 
of phosphorus, as hydroxyapatite, in the skeletal 
structure compared with the accumulation in 
the muscle tissue (Al-Masri et al. 1995) as also 
confirmed by the significantly (P < 0.001) higher 
value of the final body weight (52 days) of the 
animals of the N group.

Concerning the fatty acid composition (Table 5), 
dietary nucleotides caused a significant decrease 
of palmitic acid (C16:0) and a significant increase of 
oleic acid (C18:1). With regard to the essential fatty 
acids and their longer superior homologous fatty 

Table 4. Analysis of variance, least-squares means and SEM of the nutritional characteristics of the Pectoralis major 
muscle of broiler chickens fed diets supplemented or not with a nucleotide pool

Item Control Nucleotides SEM P-values*

Moisture (g/100 g) 75.14 74.59 0.07 0.062

Protein (g/100 g) 22.19 22.19 0.04 0.993

Collagen (g/100 g) 1.58 1.56 0.02 0.542

Ether extract (g/100 g) 1.66 1.96 0.02 < 0.001

Ash (g/100 g) 1.01 1.26 0.01 < 0.001

Salt (g/100 g) 2.04 2.01 0.03 0.326

Energy (kj/kg) 4332 4445 3.45 0.602

Iron (mg/100 g) 0.387 0.467   0.001 0.025

Phosphorus (mg/100 g) 200.73 207.46 1.72 0.116

*ANOVA of average data in relation to the treatments effects (Nucleotides vs Control)
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acids (Table 5), a significant increase (P < 0.001) of 
the percentage of α-linolenic acid (C18:3n3), and a 
significant decrease (P < 0.001) of eicosapentanoic 
(C20:5n3) and docosahexanoic (C22:6n3) acids were 
observed in the N group; no significant difference 
was observed between the groups for linoleic 
(C18:2n6) and arachidonic (C20:4n6) acids.

The acidic classes (Table 6), showed a significantly 
(P < 0.001) lower values of the sum of saturated 
fatty acids (C13:0 + C14:0 + C15:0 + C16:0iso + C16:0 + 
C17:0 + C18:0iso + C18:0 + C20:0 + C22:0) and signifi-
cantly (P = 0.0002) higher values of the sum of 
monounsaturated fatty acids (C16:1 + C17:1 + C18:1 n9 +	
C18:1n7 + C20:1n9 + C20:1n7) in the treated group; in par-

ticular, it has been showed that MUFA have beneficial 
effects on blood cholesterol and other health related 
outcomes in humans (Williams et al. 1999).

No significant differences (Table 6) were ob-
served for the sum of the polyunsaturated fatty 
acids (C16:4n1 + C18:2 n6 + C18:3n3 + C20:2n6 + C20:3n6 + 
C20:4n6 + C20:3n3 + C20:5n3 + C22:4n6 + C22:5n6 + C22:5n3 + 
C22:6n3) and for the n-6 PUFA, whereas, significantly 
lower percentages for the n-3 PUFA (P < 0.001) 
were observed in the N group. These results are 
in accordance with those observed by Boza et al. 
(1992) in weanling rats fed nucleotides.

A hypothesis could be considered that nucleotide 
supplementation stimulated the intestinal or he-

Table 5. Analysis of variance, least-squares means and SEM of some polyunsaturated fatty acids (%)* of nutritional 
interest in the Pectoralis major muscle of broiler chickens fed diets supplemented or not with a nucleotide pool

Item Control Nucleotides SEM P-values**

C16:0 22.75 21.83 1.18 0.004

C18:1n9 28.78 30.95 2.14 < 0.001

C18:2n6 11.94 12.19 0.16 0.283

C18:3n3 0.55 0.66 0.01 < 0.001

C20:4n6 3.41 3.51 0.13 0.610

C20:5n3 0.62 0.43 0.02 < 0.001

C22:6n3 2.13 1.18 0.06 < 0.001

*percentages of the total identified fatty acid methyl esters
**ANOVA of average data in relation to the treatments effects (Nucleotides vs Control)

Table 6. Analysis of variance, least-squares means and SEM of the fatty acid composition* (%) in the Pectoralis major 
muscle of broiler chickens fed diets supplemented or not with a nucleotide pool

Item Control Nucleotides SEM P-values**

∑ SFA1 40.75 38.55 0.21 < 0.001

∑ MUFA2 37.29 40.07 0.50 < 0.001

∑ PUFA3 21.96 21.38 0.44 0.363

∑ PUFA n-3 4.40 3.27 0.12 < 0.001

∑ PUFA n-6 13.61 14.00 0.21 0.188

UFA/SFA 1.53 1.59 0.01 0.002

PUFA/SFA 0.54 0.55 0.01 0.449

Atherogenic index 0.47 0.44 0.01 0.001

Thrombogenic index 0.89 0.91 0.01 0.272

*percentages of the total identified fatty acid methyl esters
**ANOVA of average data in relation to the treatments effects (Nucleotides vs Control)
1∑ SFA = C13:0 + C14:0 + C15:0 + C16:0iso + C16:0 + C17:0 + C18:0iso + C18:0 + C20:0 + C22:0
2∑ MUFA = C16:1 + C17:1 + C18:1 n9 + C18:1 n7 + C20:1n9 + C20:1n7
3∑ PUFA = C16:4n1 + C18:2 n6 + C18:3n3 + C20:2n6 + C20:3n6 + C20:4n6 + C20:3n3 + C20:5n3 + C22:4n6 + C22:5n6+ C22:5n3 + C22:6n3
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patic synthesis of the elongation enzymes and all 
the desaturase enzymes (∆9-,∆6-, ∆5-desaturase) 
as a result of increased protein synthesis (Gil et al. 
1986; Garcia-Molina et al. 1991) for the meta-
bolic conversion of acidic products as reported 
by Schlimme et al. (2000) but: (i) in relation to 
the individual fatty acid levels and (ii) in relation 
to the affinity of the desaturase enzymes with the 
fatty acid classes, the effect of stimulation was 
remarkable only for the ∆-9-desaturase.

These findings suggest that no induction oc-
curred of long chain polyunsaturated fatty acid 
accumulation in Pectoralis major muscle owing 
to the dietary supplementation with nucleotides 
in accordance to Gibson et al. (2005) observa-
tions. This could mean that the effectiveness of the 
nucleotide supplementation in relation to the lipid 
metabolism depends on the dietary EFA levels.

From the nutritional point of view, the decrease of 
the polyunsaturated fatty acids, because of potenti-
ally adverse health effects of their lipoperoxidation 
products, is in line with the recommendation for 
human nutrition (Williams et al. 1999). 

The UFA/SFA ratio (Table 6) was significantly 
higher (P = 0.002) in the group treated according 
to Gil et al. (1988) but the PUFA/SFA ratio showed 
no significant differences between the groups. 

Regarding the quality indices (Table 6), which are 
important indices for the nutritional evaluation of 
fat, no significant difference was observed for the 
Thrombogenic index, whereas the supplementa-
tion positively influenced the Atherogenic index 
resulting in a significant decrease (P ≤ 0.01) of this 
index and suggesting that dietary nucleotide may 
protect against the early development of athero-
sclerosis (Cosgrove 1998). 

CONCLUSION

During the early stage of life the Nucleotides 
supplementation in broiler chickens diet modu-
lated the UFA synthesis, promoting the growth and 
health of the animals. From the nutritional point 
of view, the Pectoralis major muscle of the broiler 
chickens that received, from the birth to the slaugh-
tering age, the basal diet supplemented with 0.1% 
of a nucleotide pool showed better physical and 
nutritional characteristics. In fact, the nucleotide 
administration improved the tenderness and the 
Hue value of the meat and also increased the lipid 
content and the iron level. Moreover, the fatty acid 

composition of the Pectoralis major muscle of the N 
group showed an increase of the percentage of the 
monounsaturated fatty acids and, consequently, an 
increase of the unsaturation degree and a decrease 
of the atherogenic index with beneficial effects for 
the human nutrition. In this regard, it has been 
shown (Williams et al. 1999) that MUFAs have 
beneficial effects on blood cholesterol and other 
health related outcomes in humans (Williams et 
al. 1999). Moreover, in spite of the cholesterol-
lowering response to polyunsaturated fatty acids 
that is greater than that to monounsaturated fatty 
acids, precaution should be taken against recom-
mending high dietary polyunsaturated fatty acids 
for humans, because of the potentially adverse 
health effects of their lipoperoxidation products 
(Williams 2000). 

In conclusion, the results showed that the effec-
tiveness of nucleotide supplementation in relation 
to the lipid metabolism depends on the dietary 
EFA levels.

Acknowledgements. The authors wish to thank 
Prosol S.p.A. (Madone Bergamo, Italy) for providing 
the nucleotides. 

R e f e r e n c e s

AOAC (2007): Official Methods of Analysis. 18th Ed. Rev. 2. 
Association of Official Analytical Chemists, Washington.

Al-Masri M.R. (1995): Absorption and endogenous excre-
tion of phosphorus in growing broiler chicks, as influ-
enced by calcium and phosphorus ratios in feed. British 
Journal of Nutrition, 74: 407–415.

Bligh E.G., Dyer W.J. (1959): A rapid method of total 
lipid extraction and purification. Canadian Journal of 
Biochemistry and Physiology, 37: 911–917.

Bonneau M., Laarveld B. (1999): Biotechnology in animal 
nutrition, physiology and health. Livestock Production 
Science, 59: 223–241.

Boza J., Jimenez J., Faus M.J., Gil A. (1992): Influences 
of postnatal age and dietary nucleotides on plasma fatty 
acids in the weanling rat. Journal of Parenteral and Enteral 
Nutrition, 16: 322–326.

CIE (1978): International Commission on Illumination, Recom-
mendations on Uniform Color Spaces, Color Difference 
Equations, Psychometric Color Terms. CIE Publication (No. 
15 (E-1.3.1) 1971/(TO-1.3) (Suppl. 15). Bureau Central de la 
Commission International d’Eclairage, Paris.

Castellini C., Dal Bosco A., Mugnai C., Pedrazzoli 
M. (2006): Comparison of two chicken genotypes or-



316	

Vol. 29, 2011, No. 4: 308–317	 Czech J. Food Sci.

ganically reared: oxidative stability and other qualitative 
traits of the meat. Italian Journal of Animal Science, 5: 
29–42.

Cavani C., Petracci M., Trovino A., Xiccato G. (2009): 
Advances in research on poultry and rabbit meat quality. 
Italia Journal of Animal Science, 8 (Suppl. 2): 741–750.

Chiofalo B., Lo Presti V., Agazzi A., Invernizzi G., 
Chiofalo V., Liotta L. (2006): Administration of nu-
cleotides in poultry’s diet: Effect on the lipid composition 
of the Pectoralis major muscle. World Poultry Science 
Journal, 62(Suppl.): 320–321.

Christie W.W. (1993): Preparation of Ester Derivatives of 
fatty acids for chromatographic analysis. In: Advanced 
in Lipid Methodology – Two. Oily Press LTD, Dundee: 
69–111

Clauss R. (1991): Meat and consumer preference in Europe: 
demography, marketing issues. In: Smulders F.J.M. (ed.): 
The European Meat Industries in the 1990’s. Utrecht, 
ECCEAMST: 217–246.

Cosgrove M. (1998): Nucleotides. Nutrition, 14: 748–751.
Domeneghini C., Di Giancamillo A., Savoini G., 

Paratte R., Bontempo V., Dell’Orto V. (2004): Struc-
tural patterns of swine ileal mucosa following l-glutamine 
and nucleotide administration during the weaning period. 
An histochemical and histometrical study. Histology and 
Histopathology, 19: 49–58.

Esteve-Garcia E., Martinez-Puig D., Borda E., Chet-
rit C. (2007): Efficacy of a nucleotide preparation in 
broiler chickens. In: Proceedings 16th European Symposi-
um on Poultry Nutrition. Strasbourg, France: 511–514.

European Parliament legislative resolution on the proposal 
for a European Parliament and Council regulation on 
additives for use in animal nutrition (COM (2002) 153 
-C5-0143/2002-2002/0073 COD). Official Journal of the 
European Union EN 29. 1. 2004.

European Union Directive 86/609/EEC (1986): Council Directi-
ve of 24 November 1986 on the approximation of laws, regu-
lations and administrative provisions of the Member State 
regarding the protection of animals used for experimental 
and other scientific purposes (86/609/EEC). 

Faelli A., Esposito G. (1970): Effect of inosine and its 
metabolites on intestinal iron absorption in the rat. Bio-
chemical Pharmacology, 19: 2551–2554.

Fontana L., Moreira E., Torres M.I, Periago J.L., San-
chez De Medina F., Gil A. (1999): Effects of dietary 
polyunsaturated fatty acids and nucleotides on tissue fatty 
acid profile of rats with carbon tetrachloride-induced 
liver damage. Clinical Nutrition, 18: 93–101.

Fraqueza M.J., Cardoso A.S., Ferreira M.C., Barreto 
A.S. (2006): Incidence of Pectoralis major turkey muscles 
with light and dark color in a portuguese slaughterhouse. 
Poultry Science, 85: 1992–2000.

Garcia-Molina V., Anguilera J.A., Gil A., Sanchez-
Pozo A. (1991): Plasma lipoproteins in suckling rats: 
Effect of dietary nucleotides. Journal Clinical Nutrition 
Gastroenterology, 6: 184–190.

Gardiner K.R., Kirk S.J., Rowlands B.J. (1995): Novel 
substrates to maintain gut integrity. Nutrition Research 
Reviews, 8: 43–66.

Geyra A., Uni Z., Sklan D. (2001): Enterocyte dynamics 
and mucosal development in the posthatch chick. Poultry 
Science, 80: 776–782.

Gibson R.A., Hawkes J.S., Makrides M. (2005): Dietary 
nucleotides do not alter erythrocyte long-chain polyun-
saturated fatty acids in formula-fed term infants. Lipids, 
40: 631–634.

Gil A., Pita M., Martinez A., Molina J.A., Sanchez-
Medina F. (1986): Effect of dietary nucleotides on the 
plasma fatty acids in at-term neonates. Human Nutrition 
Clinical Nutrition, 40c: 185–195.

Gil A., Lozano E., De-Lucchi C., Maldonado J., Moli-
na J.A., Pita M. (1988): Changes in the fatty acid profiles 
of plasma lipid fractions induced by dietary nucleotides 
in infants born at term. European Journal of Clinical 
Nutrition, 42: 473–481.

INRAN (2010): Istituto Nazionale di Ricerca per gli Alimen-
ti e la Nutrizione. Roma (Italy). Available at http://www.
inran.it (accessed Sept 1, 2010)

Leleiko N.S., Bronstein A.D., Baliga B.S., Munro N.H. 
(1983): De novo purine nucleotide synthesis in the rat 
small and large intestine: effect of dietary protein and 
purines. Journal of Pediatric Gastroenterology and Nu-
trition, 2: 313–319.

Lerner A., Shamir R. (2000): Nucleotides in infant nu-
trition: a must or an option. Israel Medical Association 
Journal, 2: 772–774.

Liu Y., Lyon B.G., Windham W.R., Lyon C.E., Savane 
E.M. (2004): Principal component analysis of physical, 
colour, and sensory characteristics of chicken breasts 
deboned at two, four, six, and twenty-four hours post 
mortem. Poultry Science, 83: 101–108.

Martinez-Puig D., Manzanilla E.G., Morales E., Borda 
E., Perez J.F., Pineiro C., Chetrit C. (2007): Dietary nu-
cleotide supplementation reduces occurrence of diarrohea 
in early weaned pigs. Livestock Science, 108: 276–279.

Mateo C.D., Stein H.H. (2007). Nucleotides and young an-
imal health: can we enhance intestinal tract development 
and immune function. Available at http://en.engormix.
com/MA-pig-industry/healt/articles/nucleotides-young-
animal-health_341.htm

Nollet L., van der Klis J.D., Lensing M., Spring P. 
(2007): The effect of replacing inorganic with organic 
trace minerals in broiler diets on productive perform-



	 317

Czech J. Food Sci.	 Vol. 29, 2011, No. 4: 308–317

ance and mineral excretion. Journal of Applied Poultry 
Research, 16: 592–597.

NRC (1994): Nutrient Requirements of Poultry. 9th Ed. 
National Academy Press, Washington.

Perfiled J.W., Bernal-Santos G., Overton T.R., Bau-
man D.E. (2002): Effects of dietary supplementation of 
rumen-protected conjugated linoleic acid in dairy cows 
during established lactation. Journal of Dairy Science, 
85: 2609–2617.

Riolo E.B., Invernizzi G., D’Alessandro E., Ripamonti 
B., Piccolo D., Chiofalo V. (2006): Administration of 
nucleotides in broiler diet. In: Proceedings LX Italian 
Society of Veterinary Science Congress. Terrasini (PA), 
Italy: 511–512.

Sanchez-Pozo A., Gil A. (2002): Nucleotides are semies-
sential nutritional components. British Journal of Nutri-
tion, 87: S135–S137.

Sanchez-Pozo A., Pita M.L., Martinez A., Molina J.A., 
Sanchez De Medina F., Gil A. (1996): Effect of dietary 
nucleotides upon lipoprotein pattern of newborn. Nutri-
tion Research, 6: 763–777.

SAS (2001): SAS User’s Guide. Version 8.1. SAS Institute 
Inc., North Carolina.

Schlimme E., Martin D., Meiseil H. (2000): Nucleosides 
and nucleotide: natural bioactive substances in milk and 
colostrums. British Journal of Nutrition, 84: S59–S68. 

Smith M.V., Mitchell M.A., Peacock M.A. (1990): Ef-
fects of genetic selection on growth rate and intestinal 
structure in the domestic fowl (Gallus domesticus). Com-
parative Biochemistry and Physiology, 97: 57–63.

Stryer L. (1988): Biochemistry. 3rd Ed. WH Freeman & 
Co., New York.

Tipa C. (2002): Production performance of broilers fed 
yeast extract as a partial or total replacement for fish-
meal. [DVM Thesis.] University of Philippines at Los 
Banos, Laguna.

Uauy R., Stringel G., Thomas R., Quan R. (1990): Effect 
of dietary nucleosides on growth and maturation of the 
developing gut in the rat. Journal of Pediatric Gastroen-
terology and Nutrition, 10: 497–503.

Ulbricht T.L.V., Southgate D.A.T. (1991): Coronary 
heart disease: seven dietary factors. The Lancet, 338: 
985–992.

Van Buren C.T., Rudolph F. (1997): Dietary nucleotides: 
a conditional requirement. Nutrition, 13: 470–472.

Williams C.M. (2000): Dietary fatty acids and human 
health. Annales de Zootechnie, 49: 165–180.

Williams C.M., Francis-Knapper J.A ., Webb D., 
Brookes C.A., Zampelas A., Tredger J.A., Wright J., 
Calder P.C., Yaqoob P., Roche H., Gibney M.J. (1999): 
Cholesterol reduction using manufactured foods high in 
monounsaturated fatty acids, a randomised cross-over 
study. British Journal of Nutrition, 81: 439–446.

Yamamoto S., Wang M., Adjei A.A, Ameho C. (1997): 
Role of the nucleosides and nucleotides in the immune 
system, gut reparation after injury and brain function. 
Nutrition, 13: 372–374.

Zhang G.Q., Ma Q.G., Ji C. (2008): Effects of dietary ino-
sinic acid on carcass characteristics, meat quality, and 
deposition of inosinic acid in broilers. Poultry Science, 
87: 1364–1369.

Received for publication September 2, 2010
Accepted after corrections October 20, 2010

Corresponding author:

Dr. Biagina Chiofalo, BSc, PhD, University of Messina, Polo Universitario Annunziata, Faculty of Veterinary 
Medicine, Department of Morphology, Biochemistry, Physiology and Animal Production, 98168 Messina, Italy
tel.: + 39 90 350 35 92, e-mail: biagina.chiofalo@unime.it 


