
  1Pastos y Forrajes, Vol. 45, 2022
Chemical and organoleptic evaluation of silages S. bicolor and Citrus sp. pulp 

 S
ci

en
tifi

c 
Pa

pe
r

This is an open access article distributed in Attribution NonCommercial 4.0 International (CC BY-NC4.0) https://creativecommons.org/licenses/by-nc/4.0/ 
The use, distribution or reproduction is allowed citing the original source and authors.

Received: 02/07//2022
Accepted: 05/09/2022
How to cite a paper:  Morales-Querol, Dariel; Rodríguez-Hernández, Rafael; López-Vigoa, Onel; Ojeda-García, Félix; Camejo-Rodríguez, Dianet; García-Sánchez Flavia & 
Fundora-Fernández, Leyanis. Chemical and organoleptic evaluation of silages of Sorghum bicolor (L.) Moench and Citrus sp. pulp. Pastos y Forrajes. 45:eI17, 2022

Chemical and organoleptic evaluation of silages of Sorghum bicolor (L.) Moench and Citrus 
sp. pulp
Dariel Morales-Querol1 https://orcid.org/0000-0002-2935-7260, Rafael Rodríguez-Hernández2 https://orcid.org/0000-0001-8254-7509, Onel 
López-Vigoa1 https://orcid.org/0000-0001-7436-4008, Félix Ojeda-García1 https://orcid.org/0000-0002-6770-4227, Dianet Camejo-Rodrí-
guez1 https://orcid.org/ 0000-0001-9570-5801, Flavia García-Sánchez1 https://orcid.org/0000-0002-6901-7981 and Leyanis Fundora-Fernán-
dez https://orcid.org/0000-0001-7066-8573
1Estación Experimental de Pastos y Forrajes Indio Hatuey, Universidad de Matanzas, Ministerio de Educación Superior. Central España 
Republicana, CP 44280, Matanzas, Cuba. 2Instituto de Ciencia Animal. Apartado Postal 24, San José de las Lajas, Mayabeque, Cuba. E-mail: 
dariel.morales@ihatuey.cu, rrodriguez@ica.co.cu, onel.lopez@ihatuey.cu, fojeda@ihatuey.cu, dianet.camejo@ihatuey.cu, flavia.garcia@ihatuey.cu, leyanis.
fundora@ihatuey.cu

Abstract
Objective: To evaluate the chemical composition and organoleptic characteristics of silages of Sorghum bicolor (L.) 
Moench Citrus sp. pulp.
Materials and Methods: The work was done with chopped S. bicolor plant and fresh citrus fruit pulp. A complete 
randomized factorial design and five treatments were applied: T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus 
fruit pulp, T3) 50 % S. bicolor + 50 % citrus fruit pulp, T4) 25 % S. bicolor + 75 % citrus fruit pulp and T5) 100 % ci-
trus fruit pulp. The silages were evaluated on days 14, 28, 42 and 56 to determine the bromatological and organoleptic 
characteristics at the moment of final opening (56 days). Variance analysis was carried out to determine the dynamics 
of chemical composition, for which a linear model was used in which the treatments, times and treatments x times 
interactions were taken as effects.
Results: Treatments T1 and T2 showed excellent organoleptic quality; while T3, T4 and T5 were evaluated as of good 
quality. The dry matter decreased as the percentage of citrus fruit pulp increased, in a range between 37,5 and 14,1 
%. The content of neutral detergent fiber showed significant differences among all the treatments (p < 0,0001) and 
increased when the percentage of inclusion of citrus fruit pulp decreased in the silages, with values between 31,2 and 
70,0 %. The content of the minerals calcium and magnesium showed adequate levels for the requirements of grazing 
ruminants, between 3,3-4,9 and 1,9-2,4 g/kg DM, respectively, in the silages of S. bicolor and citrus fruit pulp.
Conclusions: The organoleptic characteristics of silages confirmed that they had from good to excellent quality. The 
inclusion of citrus fruit pulp in the mixtures decreased the content of dry matter and neutral detergent fiber; while the 
crude protein behaved according to the utilized raw materials.
Keywords: fermentation, animal nutrition, nutritional value

Introduction
In animal husbandry systems, herd feeding is 

the main source of expense, especially when using 
concentrate feeds based on corn, Zea mays L., or 
soybean, Glicine max (L.), which have high prices, 
due to their demand for feeding humans or mono-
gastric animals (Campos-Granados and Arce-Vega, 
2016; Hernández-Montiel et al., 2017). Under these 
conditions, it is essential to search for new techno-
logical alternatives for feeding ruminants, which 
are less costly and more widely available, and 
which allow adequate nutritional contribution, be-
sides the increase in productive yields (Lazo-Salas 
et al., 2018; Rojas-Cordero et al., 2020).

Forages are an essential part of rations in the 
diets of ruminants for maintaining the rumen func-
tion and the development of rumen microorganisms 
(Xue, 2020). Knowing their value as feedstuff and 

their most appropriate form of conservation is high-
ly important for production systems in the tropical 
region, where there is evident seasonality in for-
age production (Li et al., 2019). This forage when 
well-preserved is necessary for animal production 
during the periods of feed shortage.

In spite of the above-explained facts, pasture 
and forage production varies throughout the year. 
The dry season (DS) is characterized by lower bio-
mass availability; while in the rainy season (RS) 
forage biomass surplus is produced that is lost if 
it is not efficiently preserved (Paytan et al., 2017). 
Thus, in animal husbandry systems it is essential to 
have quality forage during the DS, stage in which 
the pasturelands and tropical pastures practically 
do not grow and those which stand have low quality.

A way to decrease the feed deficit experienced 
by cattle during the DS is preserving or transferring 
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a portion of the produced forage in the higher 
production period towards the moment in which 
the pasture is scarce. Thus, the feed offer can 
remain stable throughout the year. The forage can 
be preserved in silos (in humid form, fermented 
without O2) or as hay (dry forage) and as grass 
meal, variants that allow to preserve the surplus 
that occurs during the RS, in order to supply it in 
the DS (Morales et al., 2016; Mapato and Wanapat, 
2018). Thus, the production of mixed silages allows 
to utilize the forage surplus that is produced in 
certain periods of the year, facilitate the inclusion 
of agroindustrial byproducts in cattle feeding, 
increase the stocking rate and improve the balance 
of the animal diet (Ermgassen, 2018).

Due to its nutritional characteristics, S. bicolor 
is an important energy resource in ruminant fee-
ding, because it shows adequate levels of soluble 
carbohydrates, relatively low buffering capacity, 
protein content between 5 and 19,3 %, with an 
average of 10,7 %, depending on the cultivar, soil, 
climate and crop management. The DM content 
is higher than 20 % and the fiber content is low, 
which increases its digestibility (Cabral-Filho et 
al., 2013). Citrus pulp is a residue from the proces-
sing industry of these fruits, intended for human 
consumption. It is used as an energy-rich feedstuff 
in the diet of cattle, due to its nutritional value. The 
shell (fresh, ensiled or dried) is used to partially re-
place components of the conventional diet, such as 
cereals (Zema et al., 2018).

The objective of this research was to evaluate the 
chemical composition and organoleptic characteristics 
of S. bicolor (L.) Moench and Citrus sp. pulp silages.

Materials and Methods
Location. The tests were carried out in the 

Nutrition Laboratory of the Pastures and Forages 
Research Station Indio Hatuey (EEPFIH), located 
between 22º 48’ 7’’ NL and 81º 2’ WL, at 19,01 
m.a.s.l., belonging to the University of Matanzas, 
Cuba and in the Department of Biophysiological 
Sciences of the Institute of Animal Science (ICA) 
of the Republic of Cuba, located between 22º 58’ 
NL and 82º 02 WL, at 80 m.as.l.

Plant material. The work was done with the 
plant of Sorghum bicolor cv. UGD-110 and fresh 
citrus Citrus sp. fruit pulp. S. bicolor was planted 
by drilling, in experimental areas of the EEPFIH, 
established on a Ferralitic red soil, with good surfa-
ce and internal drainage and a uniform profile (Her-
nández-Jiménez et al., 2015), at a distance of 1,0 m 
between rows (dose of 20 kg ha-1) and fertilized with 
organic matter. The S. bicolor forage was harvested 
in a serous status, approximately between 65 and 
70 days after sowing. The citrus fruit pulp was ob-
tained at the Jagüey Grande Citrus Fruit Enterprise, 
Matanzas province. The samples underwent a ma-
nual cleaning process to remove any type of dirt. In 
addition, damaged or altered parts were removed.

The nutritional composition of the materials used 
in the elaboration of the silages is shown in table 1.

Treatments and experimental design. A facto-
rial design was used with random distribution and 
five treatments (table 2), for which 20 microsilos 
were constructed per treatment, with average wei-
ght of 500 g. At each time of the evaluation, three 
replicates per treatment were used. The microsilo 
was considered as the experimental unit. For this 

                           Table 1. Chemical composition of S. bicolor and the fresh citrus fruit pulp, used  
                                         in the elaboration of microsilos.

Nutrients Fresh pulp Fresh S. bicolor Pre-dried S. bicolor
DM, % 15,9 26,8 41,7
Ash, % 5,4 6,5 5,25
CP, % 7,9 11,1 8,0
NDF, % 33,1 68,3 64,4
ADF, % 34,1 34,1 32,9
Ca, g/kg DM 4,6 4,5 4,1
Mg, g/kg DM 2,3 2,2 2,1
P, g/kg DM 0,51 0,47 0,34

                               DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber,  
                               Ca: calcium, Mg: magnesium, P: phosphorus
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purpose, the laboratory silage scale, proposed by 
Ojeda et al. (1991), was used.

Experimental procedure. For elaborating the 
microsilos, the S. bicolor plant was pre-wilted 
under shade for 48 hours, until the moisture was 
reduced and a DM value higher than 30 % was rea-
ched. Then, it was chopped in a fodder mill until 
it reached a particle size of 4-5 mm. S. bicolor and 
the citrus fruit pulp were mixed homogeneously in 
three proportions. To pack the silage, polyethylene 
bags 17 cm high, 8 cm long, 7 cm wide and with 
a capacity of 1 L, were used. The material was 
manually compacted inside the bags, trying not to 
perforate them. After filling them, they were sea-
led with adhesive plastic tape to create anaerobic 
conditions and were placed on plastic trays. They 
were stored in the EEPFIH Nutrition Laboratory, 
protected from routine tasks that could affect the 
ensiling process.

Sampling and experimental variables. The 
silages were evaluated on days 14, 28, 42 and 56 
after their elaboration until their opening (56 days), 
to determine the nutritional quality analyses of 
the materials to be preserved. DM, ash (Ash), 
crude protein (CP), and the minerals calcium (Ca), 
magnesium (Mg) and phosphorus (P) were studied 
according to the techniques suggested by AOAC 
(2016). The content of neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) was determined 
following the procedure proposed by van Soest et al. 
(1991). In addition, the organoleptic characteristics, 
color, smell, texture and humidity at the time of 
opening (56 days) were evaluated, according to the 
indicators proposed by Sánchez et al. (2018).

Statistical analysis. The normality of the data 
distribution in all the variables was verified by the 
modified Shapiro-Wilk test, and the homogeneity 
of variance according to Levene. For analyzing the 
data of the chemical composition dynamics, a linear 
model was used. Treatments, times, and treatment 
x time interactions were taken as effects. When 

differences were found (p < 0,05), treatment means 
were compared through Duncan’s multiple range 
test. The statistical package InfoStat (Di Rienzo et 
al., 2020) was used.
Results and Discussion

Organoleptic characteristics. Regarding color, 
during the evaluation period, treatments T1 and T2 
showed an olive green coloring, unlike T3 and T4, 
whose color was yellowish green; while T5 showed 
a yellowish color (table 3). This difference in the 
colors of the evaluated silages could be due to the 
inclusion of citrus fruit pulp in the silages, so that 
as the proportion of pulp increased, the yellowish 
color became more accentuated. The material ob-
tained in silages T1 and T2 was classified as having 
excellent quality; while that of T3, T4 and T5 as 
good, according to the indicators proposed by Sán-
chez et al. (2018).

In their study about the evaluation of the che-
mical composition and organoleptic characteristics 
of Pennisetum sp. with different proportions of Ma-
nihot esculenta Crantz, Maza et al. (2011) rated the 
quality of the experimental treatments as excellent 
(olive green color), better than that of the control 
treatment (yellowish green color).

Two smells were distinguished: light vinegar 
and ripe fruit. Only treatment T1 showed a slight 
smell; while the others had a ripe fruit smell (table 
3), which became more pronounced as the level of 
inclusion of citrus fruit pulp in the silages increa-
sed. This result characterized silages T2, T3, T4 
and T5 as having excellent quality; while T1 was 
classified as having good quality, according to the 
report by Sánchez et al. (2018). Well fermented si-
lages should not have a strong smell, due to lactic 
acid, since the main organic acid of fermentation 
is almost odorless. However, most silages tend to 
have a slight vinegar (acetic acid) smell, because 
this acid occurs in the second highest concentration, 
after lactic acid, and is highly volatile (Kung et al., 
2018).

                                           Table 2. Proportion of the S. bicolor plant and fresh citrus fruit  
                                                      pulp for elaborating the microsilos (%.)

Treatments S. bicolor Citrus fruit pulp
T1 100 0
T2 75 25
T3 50 50
T4
T5

25
0

75
100
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These results differ from the ones obtained by 
Villalba et al. (2011). Those authors, when evalua-
ting the bromatological and organoleptic quality of 
silages of organic waste from the coffee-Musaceae 
production system, found smells ranging from light 
and strong, like vinegar, to ripe fruit. Maza et al. 
(2011) classified Pennisetum sp. and M. esculenta 
silages as excellent and good, in terms of smell, 
which coincides with this study.

Regarding texture, the silages analyzed here 
had excellent quality, showing all their contours 
well defined, which guarantees firm texture throu-
ghout the evaluation period (table 3). This was 
shown in all the experimental treatments of this 
research; results that do not corroborate those re-
ported by Villalba et al. (2011). These authors found 
that the texture of the evaluated silages was regular, 
when using fibrous materials that show a little more 
resistance to pressure by the fist. Nevertheless, Mo-
rales et al. (2016) and López-Herrera et al. (2019) 
observed changes in the consistency of the ensiled 
material due to the degradation of structural carbo-
hydrates.

Due to the type of used microsilo (nylon bags), 
there were no losses through effluents, causing 
moisture retention during the fermentation process, 
which at the time of opening the bags and homoge-
nizing, was combined with all the material present 
. Thus, the moisture content in the silages increased 
linearly and was directly proportional to the per-
centage of citrus fruit pulp inclusion.

Similar results are reported by Rojas-Cordero 
et al. (2020) when evaluating the effect of the in-
clusion of different levels of Musa sp. on the nutri-
tional and fermentative quality of Morus alba Linn 

silages. For such reason, in this study, treatments T1 
and T2, when compressed, did not show losses due 
to effluents or wetting of the hands (table 3); while 
the proportions T3, T4 and T5, when compressed, 
had a certain moisture content, which increased 
as the proportion of citrus fruit pulp increased in 
the silage. Treatments T1 and T2 showed excellent 
quality, according to the indicators reported by 
Sánchez et al. (2018); while T3, T4 and T5 had re-
gular quality. However, this regular rating does not 
discard them as well-fermented silages. The other 
evaluated organoleptic variables have adequate 
performance, which includes these silages among 
those of good quality (table 3).

The increases in moisture can negatively in-
fluence the final quality of the ensiled material, 
because they promote undesirable fermentation 
processes, such as the one produced by clostridia, 
the formation of effluents and the reduction of lac-
tate, with the subsequent increase in pH (Calle-
jo-Ramos, 2018; Rojas-Cordero et al., 2020).

In general, when opening the silages of S. bico-
lor and fresh citrus fruit pulp, it was found that the 
evaluated organoleptic characteristics had a quality 
from good to excellent (table 3), independently from 
the raw materials and the combinations between 
them, which confirmed that the silage process was 
carried out properly. In none of the treatments the-
re was degradation of the ensiled material, which 
showed an adequate level of conservation during 
the fermentation dynamics. According to Bertoia 
(2007), the above-explained facts allow the treat-
ments to be classified as well-fermented silages, 
which are greenish-yellow in color, with a pleasant, 
vinegary and spicy odor; in addition to having a 

Table 3. Organoleptic characteristics of the silages of S. bicolor plant and fresh citrus fruit pulp.

Treatments Color Smell Texture Moisture Final quality

T1 Olive green1 Slightly acetic2 Continuous contours1 It does not moisturize 
when compressed1 Excellent

T2 Olive green1 Ripe fruit1 Continuous contours1 It does not moisturize 
when compressed 1 Excellent

T3 Yellowish green2 Ripe fruit1 Continous contours1 It moisturizes when 
compressed3 Good

T4 Yellowish green2 Ripe fruit1 Continuous contours1 It moisturizes when 
compressed 3 Good

T5 Yellowish2 Ripe fruit1 Continuous contours1 It moisturizes when 
compressed 3 Good

1Excellent, 2good; 3regular. 
T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus fruit pulp, T4) 25 % S. bicolor 
+ 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp 
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firm texture and nutritional value similar to that of 
green forage.

Chemical composition. Table 4 shows the DM 
values of the evaluated silages. On all the days sam-
pled, as the level of citrus fruit pulp increased, the 
DM content of the silage decreased, with values be-
tween 37,5 and 14,1 %. There were differences in 
all the evaluation days (p < 0,001).

To validate forage as an alternative feed sour-
ce for ruminant animals, Mamédio et al. (2020) 
when including citrus fruit pulp and evaluating the 
chemical composition, DM losses and aerobic sta-
bility of the silage of the aerial part of arrowroot 
(Maranta arundinacea L.), reported that, with the 
increase, the pulp in the silages increased the DM, 
performance that differs from the one observed in 
this study.

Likewise, the results obtained here exceed those 
obtained by Padilla-Montes (2018) in the evaluation 
of forage S. bicolor silages, with inclusion levels of 
Crescentia alata Kunth. Only in the proportion T3, 
similarities were found with regards to the report 
by this author (27,2 %), if compared with the range 
recorded in this research, which was between 25,4 
and 27,5 %. Granados-Niño et al. (2021) reported 
values of 29 % in the DM content, when identifying 
the optimum cutting height in the S. bicolor forage 
harvest, in order to improve the nutritional quality 
of the silage, without reducing the forage DM yield, 
results that are different from those found in this 
experiment.

An important factor that determines the fer-
mentation type in the ensiling process is the DM 
value of the plant. Studies conducted by Pinho et al. 
(2015) and Martínez and Schieda (2017) refer that in 
the different varieties of S. bicolor the DM content 

varies with the cutting age and with the nature of 
the plant stem. In this sense, the pre-drying of the 
S. bicolor plant during 48 h contributed to the DM 
contents recorded in this study, because it is known 
that such process increases the value of that compo-
nent. Pre-drying was necessary to reduce, as much 
as possible, moisture during fermentation, because 
it is known that high moisture levels in the forages 
to be ensiled can cause losses due to effluents and 
favor undesirable fermentations (Sánchez, 2018; 
Rojas-Cordero et al., 2020). In addition, according 
to McDonald et al. (1992), these effluents contain 
most of the soluble components of forage, such as 
sugars, organic acids, proteins and other nitrogen 
compounds.

In order to obtain good-quality silages and 
decrease the losses because of effluents, the DM 
content should be as minimum 30 %. Ojeda et al. 
(2006) indicated that, if a silage shows between 25 
and 30 % DM and its pH is lower than 4,3 it can 
be considered that the process was satisfactorily 
developed. Nevertheless, other authors state that 
good-quality silages should have between 30 and 35 
% DM (Flores, 2015). Yet, Sánchez (2018) refer that 
an adequate fermentation process can be achieved 
with at least 25 %.

Based on the proposal made by these authors, 
treatments T1, T2 and T3 reached from 25 to 37 % DM 
(table 4), for which it is considered that the losses due 
to effluents in these silages should be minimal. They 
would be then considered good-quality silages. This 
performance would be different from that of the sila-
ges with higher content of citrus fruit pulp (T4 and T5), 
whose DM values oscillated between 21 and 14 %.

The ash content was not influenced by the in-
clusion level of citrus fruit pulp in the silages, so 

                     Table 4. Dry matter content in silages of S. bicolor and fresh citrus fruit pulp (%).

Treatments
Moments, days

14 28 42 56

T1 35,7a 35,6a 37,5a 37,0a

T2 31,9b 32,8b 33,4b 33,0b

T3 27,0c 25,4c 27,5c 26,4c

T4 22,3d 22,4d 22,4d 21,1d

T5 15,5e 14,6e 15,4e 14,1e

SE ± 0,134 0,109 0,179 0,113
P - value <0,0001 <0,0001 <0,0001 <0,0001

                         a, b, c, d and e: Different letters in the same column indicate differences (p < 0,05)T1) 100 % S. bicolor,  
                         T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus fruit pulp, T4) 25 %  
                         S. bicolor + 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp 
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that differences were found between treatment T1 
and the other treatments at all the evaluation mo-
ments (table 5).

According to Hoffman (2005), the decrease of 
the mineral fraction is favorable, because it increa-
ses the quantity of rumen-fermentable organic ma-
tter. That is why the evaluated silages in this study 
show adequate values of such fraction, which can 
contribute to the energy content of the diets for ru-
minants. Granados-Niño et al. (2021) obtained ash 
values between 10,9 and 13,7 % DM, with marked 
trend to decrease this indicator, as the cutting hei-
ght increased, results that are not in correspondence 
with the ones in this trial for T1, possibly because 
of evaluating different varieties, subject to different 
cultivation conditions.

The protein values recorded during the silage 
fermentation are shown in table 6. They were be-
tween 6,7 and 9,9 % and varied according to the CP 
contents of the raw materials before ensiling (table 1).

On day 14, treatments T1, T2 and T3 showed 
significant differences (p < 0,05) with regards to 
the other evaluated silages, with the lowest value 
of this variable throughout the evaluation process 
(6,7 %). Meanwhile, on day 28 no differences were 
recorded among proportions T2, T3, T4 and T5; 
while the differences were between T1 and the oth-
er treatments. On day 42, the differences appeared 
between treatments T2 and T3 compared with T1, 
T4 and T5 (p < 0,0064). At 56 days, treatment T2 
showed differences with regards to T1, T3, T4 and 
the proportion T5 (p < 0,0387).

In general, the maturity stage of the ensiled 
material possibly had effect on protein. The storage 
days influenced the protein content of the silages, 
which was higher at 28 and 42 days, with values of 

9,7 and 9,9 % in treatments T1 and T3, respectively. 
Meanwhile, on days 14 and 56, the silages with 
proportions T4 (6,7 %) and T2 (7,4 %) obtained the 
lowest values. Another factor that could have affec-
ted the protein levels in the evaluated treatments 
could be the mechanical treatment to which the raw 
materials were subject before ensiling, which can 
cause changes in the protein bonds and improve the 
water absorption capacity, by increasing protein so-
lubility. Likewise, the dehydration to which S. bi-
color was subject could have caused an increase in 
the concentration of the latter, which can produce 
aggregation and favors the interactions of proteins 
with other feed components.

When determining the productive and qualita-
tive aptitude of two S. bicolor genotypes, preserved 
as silage, De León et al. (2019) found in comparison 
with Z. mays, protein values between 6,5 and 7,3 
%, lower than those recorded in this study, where 
they varied between 8,7 and 9,7 % in treatment T1. 
This may be due to the use of different varieties 
from those used in this study. The environmental 
and management conditions of the plantations were 
also different. However, Padilla-Montes (2018) re-
ported CP values higher than those obtained here, 
when using S. bicolor and integral Crescentia alata 
pulp as fresh material, with higher protein contents 
than those of S. bicolor and citrus fruit pulp (12,15 
% and 16,50 % vs. 8,0 % and 7,9 %, respectively), 
for which their mixtures reached figures between 
12,1 and 17,4 %, higher than those of this research 
(6,7 – 9,9%). Granados-Niño et al. (2021) referred 
between 6,1 and 7,2 % CP in S. bicolor silages, re-
sults similar to those of this trial.

Table 7 shows the changes in the NDF content 
of the treatments during the fermentation dynamics 

                     Table 5. Ash content in silages of S. bicolor and fresh citrus fruit pulp (%).

Treatments Moments, days

14 28 42 56

T1 6,1a 6,3a 6,3a 6,3a

T2 5,3b 5,7b 5,3b 5,3b

T3 5,5b 5,6b 5,2b 5,3b

T4 5,5b 5,6b 5,5b 5,3b

T5 5,1b 5,6b 5,4b 5,2b

SE ± 0,094 0,024 0,031 0,004
P - value 0,0175 0,0006 0,0002 <0,0001

                   a and b: Different letters in the same column indicate differences (p < 0,05). 
                        T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus  
                        fruit pulp, T4) 25 % S. bicolor + 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp 
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of the silages. At all evaluation times there was an 
increase in NDF content, as the percentage of pulp 
inclusion decreased, with significant differences 
among treatments (p < 0,0001). This performance 
could be due to the low amount of fiber shown by 
the citrus fruit pulp compared with S. bicolor (table 
1). Similarly, an increase in the content of this com-
ponent was recorded over time (table 7), except in 
T4. Rodriguez et al. (2016) state that this increase 
indicates the disappearance of part of the soluble 
material during fermentation, which increases the 
percentage of the proportion of fibrous material.

Similar results were reported by Nava-Berumen 
et al. (2017) when evaluating the yield and forage 
quality of three S. bicolor varieties. These authors 
found NDF levels in the range observed for the treat-
ment with 100 % S. bicolor, which were between 
63,4 and 70,1 %. Likewise, Granados-Niño et al. 
(2021) recorded similar values to those of this study.

The ADF content of the different studied com-
binations of silages is shown in table 8. Significant 

differences were observed among treatments only 
on days 14, 28 and 42 (p < 0,05).

 
At 14 days, higher values were obtained in 

treatments T1 and T4 (35,0 and 34,1%, respectively) 
compared with the others. At 42 days, the propor-
tion T5 was lower than the rest (31,2 %). Meanwhi-
le at the end of the conservation process (56 days), 
ADF contents that varied in the range of 34,6 to 
35,6 % were recorded. Nava-Berumen et al. (2017) 
reported values of 41,1% ADF, which do not coin-
cide with those obtained in this study. In this case, 
they varied between 34,6 and 38,2 % for treatment 
T1, which could be due to such factors as climate, 
cutting age and used S. bicolor variety.

From the point of view of nutrition physiolo-
gy, fiber is the portion of the feedstuff that limits 
digestion. However, it is essential to keep proper 
functionality of the rumen, it stimulates feedstuff 
chewing and rumination, as well as to help main-

Table 6. Crude protein content in silages of S. bicolor plant and fresh citrus fruit pulp (%).
Treatments Moments, days

14 28 42 56
T1 8,9a 9,7a  8,7ab 9,0a

T2 9,4a  9,1ab 9,6a 7,4b 

T3 8,6a 8,2b 9,9a 8,6a

T4 6,7b 8,3b 7,9b  8,3ab

T5 6,7b 7,8b 7,5b 8,6a

SE ± 0,221 0,508 0,497 0,317
P - value <0,0001 0,0503 <0,0064 <0,0387

                           a and b: Different letters in the same column indicate differences (p < 0,05)
                           T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 %  
                           citrus fruit pulp, T4) 25 % S. bicolor + 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp

Table 7. Content of neutral detergent fiber in silages of S. bicolor and fresh citrus fruit pulp (%).

Treatments
Moments, days

14 28 42 56
T1 63,4a 68,6a 69,4a 70,1a

T2 56,9b 59,4b 62,9b 64,2b

T3 54,5c 54,9c 56,0c 57,3c

T4 47,0d 51,5d 49,1d 52,1d

T5 31,7e 31,2e 34,5e 36,3e

SE ±      0,432 0,577 0,648 0,947
P – value <0,0001 <0,0001 <0,0001 <0,0001

                      a, b, c, d and e: Different letters in the same column indicate differences (p < 0,05)
                      T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus 
                       fruit pulp, T4) 25 % S. bicolor + 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp 
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tain an appropriate pH for the development of the 
rumen microbiota. Thus, the NDF fraction offers 
an estimation of the fiber present in the feed, 
mainly cellulose, hemicellulose, lignin, and is 
closely related to DM intake. According to Sousa 
(2017), as the NDF value increases, animal in-
take decreases, for which providing diets with 
high NDF content limits the voluntary intake of 
forage and animal productivity, due to a feeling 
of fullness in the rumen.

In this study, the decrease in fiber in the mixtures 
of S. bicolor and citrus fruit pulp was favorable, so 
that all the silages were of good quality for ruminant 
feeding. In the diet, this component is directly linked 
to the feedstuff digestibility (Maruelli, 2017). The 
higher the amount of fiber is, the lower the feedstuff 
digestibility by the animal will be. However, the 
treatments in which the content of citrus fruit pulp 
increases (T4 and T5) should not be used as a forage 

basis but as a complement in a balanced diet, with an 
adequate supply of effective fiber.

Minerals are an essential part of the diet of ru-
minants. Table 9 shows the values reached for Ca, 
Mg and P in the silages of S. bicolor and fresh citrus 
fruit pulp. Its contents were 3,30-4,95; 1,89-2,43; 
0,28-1,18 g/kg DM, respectively.

Regarding the non-ensiled materials, no chan-
ges were observed in terms of the analyzed mi-
nerals (table 1). Ca, Mg and P were in the range 
recorded in forages by Martínez-Sáez et al. (2018) 
and in the requirements for grazing ruminants, des-
cribed by McDowell and Arthington (2005). Sales 
(2017) reports Ca, Mg and P values in the order of 
3,4; 1,4 and 3,1 g/kg DM, respectively, for the diet 
of beef cattle. In this study, the evaluated silages 
satisfy the Ca and Mg requirements, for which 
when supplementing ruminants with them, the low 
P content present must be considered. However, the 

Table 8. Acid detergent fiber content in silages of S. bicolor and fresh citrus fruit pulp (%).

Treatments
Moments, days

14 28 42 56
T1 35,0a 38,4a 38,2a 34,6
T2 31,4b 36,4ab 36,8a 35,4
T3 31,1b 35,1b 34,0b 34,6
T4
T5

34,1a

31,2b
35,3b

31,2c
37,0a

32,3b
35,6
33,6

SE ± 0,680 0,855 0,561 0,891
P - value 0,0012 0,0006 0,0001 0,795

 a, b and c: Different letters in the same column indicate differences (p < 0,05). 
T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus fruit 
pulp, T4) 25 % S. bicolor + 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp

Table 9. Ca, Mg and P content in silages of S. bicolor and citrus fruit pulp (g/kg DM). 

Treatments

Moments, days

14 28 42 56
Ca Mg P Ca Mg P Ca Mg P Ca Mg P

T1 3,57d 2,10b 0,44ab 4,04a 2,08ab 0,43c 3,74b 2,04 0,40b 3,78a 2,10 0,37ab

T2 4,13c 2,29ab 0,49a 3,83ab 2,11ab 1,18a 3,61b 2,03 0,43b 3,81a 2,03 0,39ab

T3 4,52b 2,22ab 0,47ab 3,30c 2,00bc 0,84b 3,91ab 2,05 0,46ab 3,64a 2,01 0,43a

T4 4,48bc 2,32ab 0,40b 3,59ab 2,18a 0,81b 3,72b 2,10 0,56a 3,37b 1,94 0,32ab

T5 4,95a 2,43a 0,46ab 3,79ab 1,89c 0,49c 4,14a 2,08 0,37b 3,61a 2,07 0,28b

SE ± 0,041 0,018 0,001 0,018 0,006 0,013 0,038 0,011 0,003 0,014 0,007 0,004

P - value 0,001 0,108 0,076 0,007 0,011 0,001 0,055 0,932 0,017 0,008 0,268 0,141

a, b and c: Different letters in the same column indicate differences (p < 0,05)
T1) 100 % S. bicolor, T2) 75 % S. bicolor + 25 % citrus fruit pulp, T3) 50 % S. bicolor + 50 % citrus fruit pulp, T4) 25 % S. bicolor 
+ 75 % citrus fruit pulp, T5) 100 % citrus fruit pulp
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treatments are considered suitable for ruminant su-
pplementation.
Conclusions

The organoleptic characteristics of the studied 
silages showed a quality from good to excellent, 
which allows to state that the fermentation pro-
cess was carried out adequately. The inclusion of 
citrus fruit pulp in the mixtures decreased the DM 
and NDF content; while the CP performed accor-
ding to the raw materials used in the preparation 
of the silages. Therefore, S. bicolor and fresh citrus 
fruit pulp, due to their characteristics and chemical 
composition, constitute valuable resources for the 
elaboration of mixed silages for ruminant feeding, 
because they have adequate nutritional value.
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