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Abstract 
 
The effect of organic fertilization from poultry dung (100, 300 and 500 kg N/ha/year) on the quantitative 
variations of the main secondary metabolites present in four Morus alba Linn. varieties (Cubana, Indonesia, 
Tigreada and Acorazonada) was studied. The total concentrations of polyphenols (FT), flavonoids (Flav), 
coumarins (Cum), steroidal saponins (Sap) and primary carbohydrates and pseudosugars (CHS), were quantified. 
For the interpretation of the results the main component analysis (MCA) and the automatic classification 
analysis (ACA) were used. Through the MCA a high variability was detected in the first three components 
((82,35%). The ACA separated the treatments in four groups with distinctive characteristics. The doses of 100 
and 300 kg N/ha/year caused, independently, homogeneous variations in the phytochemical pattern of the four 
varieties; while with the application fo 500 kg N/ha/year the variety Acorazonada was quantitatively 
differentiated from the rest. From the hierarchical point of view, the positive contribution to group formation 
increased as the fertilizer doses applied were higher. The results allow to conclude, integrally, that the increasing 
amounts of organic manure progressively decreased the quantitative performance of the secondary metabolites 
(FT, Cum and Sap) present in the varieties and increased the concentrations of beneficial compounds (Flav). 
From the nutritional point of view, based on the quantifications performed, the four mulberry varieties fertilized 
with poultry dung in doses equivalent to 100, 300 and 500 kg N/ha/year, showed excellent nutritive quality for 
being used intensively to feed ruminants and monogastric animals, due to the low concentrations of potentially 
toxic compounds. 
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Introduction 
 

Mulberry (Morus alba Linn.) is one of the most promising forage sources for the current systems of animal 
production under tropical conditions. That is why several branches of the agricultural sciences have carried out 
studies with the objective of determining its true potential and characterizing its phytochemical composition 
(Medina, 2004; García and Ojeda, 2004a, b). In this sense, research has been performed to detect and quantify 
the secondary metabolites present in its edible biomass (García, 2003) and know the effect of the main factors of 
agronomic management on the individual concentrations of the main groups (García, Ojeda and Montejo, 2003). 
However, integrally, the behaviour of the phytochemical patterns of the varieties which have shown the best 
forage performance in Cuba when fertilized with the most common doses, is not known, and neither is the 
possible antinutritional repercussion. 

The objectives of this research were: to determine, based on the quantitative variations of the main secondary 
metabolites, the influence of the doses of organic fertilization on the phytochemical patterns; and to estimate the 
possible antinutritional potential of four mulberry varieties. 
 

Materials and Methods 
 
Location and characteristics of the experimental area 

The trial was carried out at the Experimental Station of Pastures and Forages “Indio Hatuey” located in the 
22º48’7” of latitude North and 81º2’ of longitude West, at 19 m above sea level, in the Perico municipality, 
Matanzas province, Cuba. 
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The phytochemical measurements, for obtaining the date matrix, were performed in the third and fourth year of 
agronomic evaluation of a four-years-old mulberry plantation, divided into 108 7 x 3 m plots without separation 
and a density of 25 000 plants/ha. 
 
Fertilizer characteristics 

Fertilization, from poultry dung, was directly applied to the trunk of each plant every 90 days in the rainy 
season. The chemical composition of the organic fertilizer is shown in table 1. 
(Table 1. Average chemical composition (%) of the fertilizer applied in the experimental period.) 

 
Sample collection and preparation 

The plant material of the four varieties (90-days leaves) was collected manually from 10 plants per plot 
randomly selected and divided into five equal portions after eliminating the edge effect of the experimental units. 
The samples from every replication were immediately taken to the Laboratory of Feedstuffs Evaluation of the 
EEPF "Indio Hatuey" and dried at ambient temperature in a ventilated and dark place for 12 days. Afterwards, 
they were ground to a particle size of 1 mm and were stored in amber flasks until the moment of the analysis. 
Fertilization and varieties 

The varieties Cubana, Indonesia, Tigreada and Acorazonada were studied. They were fertilized with doses 
equivalent to 100, 300 and 500 kg N/ha/year. The nomenclature corresponding to each combination is shown in 
table 2. 
(Table 2. Symbols established for the differentiation of the treatments.) 

 
Instruments and measurements 

The readings of the analytical signal were done in a double face U/V ULTROSPEC-2000 spectrophotometer 
with quartz kegs. 

The determination of the contents of primary carbohydrates and pseudosugars (CHS) was carried through the 
Anthrone methodology proposede by Lezcano and González (2000); the levels of total polyphenols (TP) through 
the Folin-Ciocalteu assay (Makkar, 2003); coumarins (Cum) by the Quirós method (reading in the ultraviolet 
spectrum) described by Mochiutti (1995); contents of flavonoids (Flav) by means of acid hydrolysis and 
posterior measurement at 258 nanometers (García, 2003); and the concentrations of steroidal saponins (Sap) 
using the Vainillin/H2SO4 protocol described by Hiai, Oura and Nakajima (1976). 

 
Estimation of the group antinutritional potential based on concentrations 

With the objective of establishing the possible antinutritional repercussion of the groups formed in the 
automatic classification analysis (ACA), the group mean was compared to the maximum permissible 
concentrations of TPs, Cums and Saps reported in in vitro and in vivo assays from numerous samples of different 
nature and provenances. 

The comparisons regarding the permissible contents of each group of metabolites, were carried out only with 
those studies in which the same analytical methods as in this research were used. 

As to the TP levels, the comparisons were performed from the compilation of results informed by Makkar 
(2003), in assays carried out by means of gas production and enzymatic techniques, from African, Asian and 
European species; in the case of Cums, by the concentrations and their correlation to the nutrition and voluntary 
intake tests with Gliricidia sepium reported by Urriola (1994), López (1995) and Mochiutti (1995); and the Saps 
by the semi-quantitative criteria established by Hiai et al. (1976) and the comparisons carried out by Makkar, 
Becker, Abel and Pawelzik (1997) on samples of widely distributed tropical and subtropical legumes. 

 
Statistical methods 

For the information processing the statistical pack SPSS version 10.0 was used. The procedure to carry out 
the main component analysis (MCA) and ACA coincided with the description made by Olivera and Machado 
(2004a). 
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Results and Discussion 
 

Table 3 shows the results of the MCA in the variables of the phytochemical analysis. Regarding this, the total 
cumulative variance was high (82,35%), which coincides with the classical variations observed in qualitative and 
quantitative indicators in experiments of biological sciences, and specifically with the variance extracted in the 
selection of Brachiaria species through the evaluation of some morphostructural indicators (Olivera and 
Machado, 2004b). Nevertheless, the total variance extracted in the first component (CP1) differs from the 
percentage reported by Navarro and González (2001) in the study of the germinative capacity of Albizia lebbeck, 
in which the high variability of the indicators measured brought about an extraction higher than 60% in the CP1. 
(Table 3. Relationship between the phytochemical variables and indicator that explain the variance.) 

In that sense, the indicators that best explained the variability in the CP1 were the contents of Cum (r = 0,85) 
and Sap (r = 0,75), positively related among themselves. 

This strong positive relationship may be because, in biosynthetic terms of the secondary metabolism, the 
formation of steroids is closely connected to some structures derived from Acetyl CoA, in one of the pathways 
of the metabolism of phenolic compounds (pathway of the polycetids) (Azcón-Bieto and Talón, 2000). 

In relation to this, it has been proved that the variations in the concentrations of the main groups of secondary 
compounds, depend only upon specific molecules and enzymatic cofactors which are interrelated in some 
metabolic pathways (De Marcano and Hasegawa, 1991). 

Regarding this, many studies related to the biosynthesis of steroids (isoprenoids) point to the mevalonic acid 
as the only precursor of the hydrophobic skeleton of Saps. This molecule is formed by condensation of three 
units of acetic acid, biochemical substratum common for the parallel synthesis of Cum and Sap. For that reason, 
the formation of Cums by way of acetate-malate is originated from compounds which also favour the primary 
pairing reactions for the formation of steroidal structures. On the other hand, the strong positive relationship 
between these two groups of secondary metabolites describes the highest importance of the acetate molecule, 
compared to that of phosphoenol-pyruvate, in the synthesis of the isoprenoids (Cum) present in the four 
mulberry varieties. 

The second component (CP2) extracted 26,91% of the total variance and the contents of TP and Flav 
provided the highest contributions (r = 0,81 and r = 0,52, respectively). Likewise, both groups of polyphenolic 
metabolites related negatively to each other. With respect to this, the phenols of plant species, depending on their 
structure and metabolic function, are synthesized through reactions derived from the shikinic acid (typical in 
Flav and Cum) or by molecular condensation of acetate-malate (common in condensed phenols). For that reason, 
the inverse relationship between the total content of hydroxylated compounds and the Flav levels may be 
because the synthesis of other polyphenols present in M. alba (stilbenes, alkylated phenols and phenolic acids), 
takes place, independently, by way of shikimate or by the initial formation of malic acid (Butler and Bailey, 
1973). On the other and, from all the secondary metabolites Flavs showed the lowest coefficient (r) in CP1 
(component which grouped the highest variability). These results allow to state that the fertilizer doses, as well 
as the genotypic characters of the varieties, do not cause a remarkable effect on the quantitative pattern of this 
group of metabolites and, that in turn, they constitute one of the phytochemical indicators of less comparative 
importance. Such results coincide with the assertions made by García and Ojeda (2004b) in the quantification, 
for a one-year period, of the phenylpropanoids (Flav) present in the varieties studied in this research. 

The third component (CP3) also extracted an important percentage of variance (20,21%) ad the 
concentrations of CHS were the variable with the highest representation in the axis. 

On the other hand, the ACA separated the species studied into four groups defined with chemical 
characteristics distinctive among themselves. Figure 1 shows the distribution of the treatments depending on the 
phytochemical characteristics. 

Taking into consideration the particularities of each conglomerate, groups 1 and 2 (GI and GII) integrated all 
the varieties fertilized with 100 and 300 kg/ha/year, respectively; while groups 3 and 4 (GIII and GIV) were 
constituted by the varieties fertilized with 500 kg/ha/year. 

Considering the results of table 4, the varieties belonging to GI are characterized by showing higher contents 
of TP, Cum and Sap; while those of GII, comparatively, showed only outstanding contents of TP and CHS. On 
the other hand, GII and GIV were formed by the varieties with the lowest concentrations of all the secondary 
metabolites and the highest proportion of pronutritional agents (Flav). However, the Acorazonada variety 
fertilized with 500 kg/ha/year showed higher contents of Sap and Cum, and a lower proportion of TP and CHS, 
as compared to the rest of the varieties fertilized with the same dose. 
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(Fig. 1. Representation of the groups formed in the plane (CP1, CP2).) 
(Table 4. Group mean of the conglomerates formed in the ACA and their contribution to group formation.) 

Taking into consideration the strictly statistical hierarchy of the groups formed, GIII and IV had the highest 
positive contributions, GII and intermediate percentage and GI the lowest value; which indicates that the 
varieties fertilized with 500 kg/ha/year integrally showed the highest nutritional quality. With respect to the 
values of the group mean and their relationship with the critical concentrations of TP, Cum and Sap reported for 
ruminant and monogastric animals, these results show great significance. In the case of polygastric animals 
100% of positive contribution was observed, because the concentrations of the metabolites with toxic potential 
in the groups were lower than the maximum permissible contents. 

With regards to the animals with simple stomach, it was observed that only GI did not show the maximum 
nutritional quality due to the higher level of Cum, besides exhibiting the highest concentration of Sap. 

Taking into account that classically Cums are toxic inhibitors of intake and that Saps show foaming and 
defauning properties, in addition to constituting strong interferences in the intestinal absorption (Kumar, 1992), 
this aspect constitutes a factor that must be considered when feeding with high proportions of mulberry. 
Nevertheless, in studies carried out with some monogastric species promising results have been obtained (Albert 
and Contreras, 2002) and worldwide its intensive use is reported in the feeding of poultry, molusks and fish 
(Sánchez, 2002). 

These empirical results, partly contradictory, may be explained because the Cums present in M. alba show 
hydroxyl groups in ring B (benzenic nucleus) which differ structurally from those that traditionally cause severe 
detrimental effects, such as the ones found in G. sepium and Melilotus alba (García, Medina and Ojeda, 2005). 

On the other hand, in studies of ecology, digestive physiology, in vitro bioassays nutritive value tests, 
important advantages in livestock feeding with material than contain Sap as main metabolites have been describe 
(Makkar, Aregheore and Becker, 1999), and it is also known that they inhibit too the detrimental action of other 
potentially toxic compounds (Makkar, Blummel and Becker, 1995). 

 
Conclusions 

 
1. The fertilization with poultry dung in doses of 100, 300 and 500 kg N/ha/year homogeneously affected the 

phytochemical characteristics of the varieties Cubana, Indonesia, Tigreada and Acorazonada. 
2. In the four varieties of M. alba, the increasing amounts of organic fertilizer progressively decreased the 

concentrations of polyphenols (TP and Cum), but increased the proportions of pronutritional compounds 
(Flav). 

3. The varieties Indonesia, Tigreada and Acorazonada, fertilized with 100, 300 and 500 kg N/ha/year, did not 
show potential antinutritional properties in the feeding of ruminants and monogastric animals, for exhibiting 
low contents of protoxic secondary metabolites. 

 

 


