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ABSTRACT 
 

The concentration of linoleic and α-linolenic fatty acids (FA) in grasses can be increased through agronomic 

techniques; however, there is little information in this regard for tropical grasses. Therefore, the objective 

of the study was to evaluate the effect of N fertilization and regrowth age management on the FA profile of 

three tropical grasses. To do this, three plots of 100 m2 each were used for the species: Urochloa decumbens 

(Stapf) R.D. Webster, U. humidicola (Rendle) Morrone & Zuloaga, and Megathyrsus maximus (Jacq.) B.K. 

Simon & S.W.L. Jacobs. The study was conducted during dry and rainy seasons. In each period, they were 

divided into two subplots and only one of them was fertilized. Grass sampling was carried out on days 20, 

25, and 30 after fertilization. Five samples were taken from each subplot and an agronomic evaluation was 

made before each cut. The chemical composition and lipid profile were then determined. An ANOVA of a 

randomized complete block design with split plot arrangement was performed. The concentration of linoleic 

and α-linolenic acid was higher in M. maximus during drought (48.5 g 100 g-1 FA) and in U. humidicola 

during the rainy season (55.1 g 100 g-1 FA). This proportion was higher on day 20 (50.5 g 100 g-1 FA) 

compared to that recorded on days 25 and 30 (50.1 and 45.7 g 100 g-1 FA, respectively). The fertilized 

grasses had a higher concentration of linoleic and α-linolenic acid compared to the unfertilized ones (53.4 

vs. 44.3 g 100 g-1 FA). It is concluded that fertilization with 50-20-00 (N-P-K) increases the proportion of 

linoleic and α-linolenic acids in grasses; however, such concentration decreases with increasing plant 

maturity. 
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INTRODUCTION 
 

In the world, the area dedicated to forage production is 33% of the total arable land (FAO, 2023). Annually, 

livestock consume about 3 billion tons DM derived from grasses. Animal production systems, particularly 

ruminants, are highly dependent on forage resources, since 90% of the nutrients they require are satisfied 

through pastures and forages (Herrera et al., 2014). These are the most abundant and economical sustenance 

to produce meat and milk (Livas Calderón, 2015). 

Regarding dairy cattle, the chemical composition of milk, fat in particular, increases with grazing; 

consequently, the content of polyunsaturated fatty acids also increases, thus improving its nutritional quality 

(Rivera Herrera et al., 2012). 
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Cow milk contains fatty acids such as trans-vaccenic acid (TVA), docosahexaenoic acid (DHA), and 

conjugated linoleic acid (CLA), which are beneficial for human health due to their atherogenic and 

hypercholesterolemic effects. Of these, CLA is found in a greater proportion (Prieto-Manrique et al., 2016). 

Its content in milk can be increased through the supply of pastures, silage, and supplements based on 

vegetable oils or oilseeds (Kęsek et al., 2014). In the latter there is a higher content of linoleic acid, while 

flaxseed and fresh forages have a higher concentration of α-linolenic acid; both fatty acids are the main 

precursors of CLA synthesis in the rumen (Roca-Fernández et al., 2014). It should be noted that milk from 

grazed cows contains a higher concentration of CLA compared to milk from cows fed with supplements or 

concentrates (Morales-Almaráz et al., 2018). The concentration of linoleic and α-linolenic acids in grasses 

depends on factors such as: Species, variety, climate, light intensity, and management techniques such as N 

fertilization and age of regrowth (Elizondo-Salazar, 2017). 

In this regard, the lipid fraction in grasses ranges between 30 and 100 g kg-1 DM, much of it contributed 

by lipids in chloroplasts (Elgersma et al., 2005). Therefore, the highest concentration of fat in grasses is 

found in the leaves. Therefore, management strategies that increase the number of leaves in relation to the 

stem could increase FA intake in grazing ruminants. Among the most successful strategies to increase the 

number of leaves in the grassland are N fertilization and early regrowth ages. In this sense, Boufaïed et al. 

(2003) applied 120 vs. 0 kg N ha-1 in Timothy grass (Phleum pratense L.), which increased the 

concentrations of C16:0 (18%), C18:2 (12%) and C18:3 (40%) in the grass, with an overall increase of 26% 

in the FA concentration of the grass. Likewise, Lopes et al. (2021; 2022) observed that the FA profile was 

modified in elephant grass (Pennisetum purpureum Schumach), due to the effect of the age of regrowth, 

with an inversely proportional relationship between the age of the grass and the concentration of FA C18:2 

and C18:3.    

More information has been produced on this topic in temperate environments with legume species 

(Acosta Balcazar et al., 2022). The information for tropical regions is scarce, even though the tropics have 

great potential to produce milk and meat from ruminants, with high nutritional content and higher 

concentrations of CLA, because the nutritional base is grazing, especially, forage grasses. This leads to 

greater consumption of α-linolenic acid in animals (Plata-Pérez et al., 2022). For this reason, the present 

research aimed to evaluate the effect of agronomic management (N fertilization and age of regrowth) on the 

fatty acid profile of three species of tropical grasses. 

 

MATERIALS AND METHODS 
 

Study location and area 

The study was carried out during the dry season (March 15 to June 15) and rainy season (June 16 to October 

15) of the year 2022, on a private farm located in the state of Tabasco, Mexico (21°52'00'' N,102°55'00'' W; 

20 m a.s.l.) The climate of the region is tropical with rainfall all year round, Af according to the Koppen 

classification, where the average annual rainfall recorded was 2452 mm yr-1, of which 10.13% corresponded 

to the dry season (248.5 mm) and 41.53% to rain (1018.3 mm). 

Three plots of 100 m2 were established in 2005, one for each forage species to be evaluated; Urochloa 

decumbens ‘CIAT 606’, Urochloa humidicola ‘CIAT 679’ and Megathyrsus maximus ‘CIAT 6962’. 

 

Experimental design 

A randomized complete block experimental design with split plot structure was used. The main plot was the 

forage species (U. decumbens, U. humidicola and M. maximus) and the subplot was the combination of 

fertilization levels (F = 50N-20P-0K and NF = 0N-0P-0K; Garza et al., 1972) and the regrowth ages (20, 25 

and 30 d), with five replicates each (90 samples in total per season). 

Fertilization was broadcast using urea and calcium triple superphosphate as a source of N and P, 

respectively. 

 

  



CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 84(2) April 2024 - www.chileanjar.cl 293 

Sampling 

On day 1 of the sampling period, a uniformity cut was made 10 cm from the ground and fertilization was 

applied. Samples were taken on days 20, 25 and 30 after fertilization using a 0.25 m2 square. With the table, 

five points were chosen at random in each subplot and, before cutting, an agronomic evaluation of the 

pasture was carried out to record the following variables; height (cm; using a 1 m ruler), number of plants, 

number of shoots, leaf/stem ratio (counting was done manually), stem diameter (mm; using a vernier) and 

coverage (%; respect to the 0.25 m2 square). After cutting the samples were weighed to estimate forage 

production (t ha-1), performing the necessary operations. This same procedure was followed in both periods. 

 

Laboratory analysis 

In each of the seasons, a composite sample was made with the grass from the five replicates of each treatment 

(combinations between species, fertilization, and age), 300 g were taken from each composite sample to 

determine the chemical composition and fatty acid (FA) profile. The samples were dried in a forced air oven 

at 60 °C for 48 h and ground in a Wiley mill (Thomas Scientific, Swedesboro, New Jersey, USA) using a 1 

mm mesh. 

The chemical composition of the grass was determined following the methodologies AOAC (1990) for 

crude protein (CP), Van Soest et al. (1991) for acid detergent fiber (ADF) and neutral detergent fiber (NDF), 

Goering and Van Soest (1970) for in vitro digestibility of DM (DIVMS) and Soxhlet (1879) for fat. The 

forage samples were inoculated with ruminal fluid, which was obtained from a cow with fistula fed with 

grass of the genus Urochloa spp.  

The extraction of FA in the grass was carried out according to the methodology modified by Granados-

Rivera et al. (2017). For the quantification of FA methyl esters, an autosampler chromatograph (Hewlett-

Packard 6890, Hewlett-Packard, Wilmington, Delaware, USA) with a silica capillary column (100 m × 0.25 

mm × 0.20 μm thickness, Sp-2560, Supelco, Bellefonte, Pennsylvania, USA) was used. The identification 

of FA was carried out by comparing the retention times of each peak obtained in the chromatogram, using 

a standard of 37 components of methyl esters of FA (Sigma-Aldrich, St. Louis, Missouri, USA). 

 

Statistical analysis 

The ANOVA of the data obtained in the agronomic evaluation, chemical composition and FA profile of the 

pastures was carried out using a randomized complete block design with divided plot structure. The main 

plot was the forage species (U. decumbens, U. humidicola and M. maximus) and the subplot was the different 

management conditions that were evaluated (F-20 d, F-25 d, F-30 d, NF- 20 d, NF-25 d and NF-30 d), with 

five replicates each (45 samples per treatment making a total of 90 samples per season). In the factors that 

were significant (p ≤ 0.05), the comparison of means was carried out through the Tukey test (P = 0.05). 

Statistical analyses were performed with the GLM procedure of the SAS 9.0 (2002) statistical program (SAS 

Institute, Cary, North Carolina, USA). 

 

RESULTS 
 

Agronomic evaluation and chemical composition 

In the dry season, with respect to the species, forage production was the only variable that did not show a 

significant difference. According to the level of fertilization, height, forage production, and cover showed 

significance (P = 0.05), while the variables number of shoots and cover presented differences (P = 0.05) with 

respect to age of regrowth (Table 1). In the rainy season, height and forage production showed differences 

(P = 0.05) with respect to the species and fertilization level. According to the age of regrowth, forage production, 

number of leaves, and coverage showed nonsignificant differences (Table 1). Both height and forage production 

were higher in the rainy season with respect to the three factors evaluated (species, fertilization, and age). 

Chemical composition in both seasons was different (P = 0.05) in the variables CP, NDF, ADF, and DIVMS 

according to the level of fertilization and age of regrowth, and with respect to the species, CP, fat and ADF did 

not present significant differences (Table 2). 
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Table 1. Agronomic evaluation of three forage species with two treatments and at three regrowth 

ages in the dry and rainy seasons in the tropics. U. humidicola: Urochloa humidicola; U. 

decumbens: Urochloa decumbens; M. maximus: Megathyrsus maximus; SEM: standard error of 

the mean; F: fertilized; NF: unfertilized; Ep: species; Tr: treatment; Ag: age. Different letters 

indicate significant difference (P = 0.05) of variables by species, treatments, and ages.  

 
 

 

Table 2. Chemical composition of three forage species with two treatments and at three regrowth ages 

in the dry and rainy seasons in the tropics. SEM: Standard error of the mean; CP: crude protein; F: fat; 

ADF: acid detergent fiber; NDF: neutral detergent fiber; DIVMS: In vitro DM digestibility; U. 

humidicola: Urochloa humidicola; U. decumbens: Urochloa decumbens; M. maximus: Megathyrsus 

maximus. Different letters in the same column indicate significant difference.  
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Fatty acid profile 

The profile was composed of 10 FAs, in particular, lauric (C12:0), myristic (C14:0), palmitic (C16:0), 

palmitoleic (C16:1), heptadecanoic (C17:0), stearic (C18: 0), oleic (C18:1n9c), linoleic (C18:2n6c), α-

linolenic (C18:3n3), and arachidic (C20:0) acids, of which C16:0, C18:2n6c, and C18:3n3 comprise more 

than 80% of the acids found (Table 3). 

 

 

Table 3. Fatty acid profile of three forage species with two treatments and at three regrowth ages 

in the dry and rainy seasons in the tropics. U. humidicola: Urochloa humidicola; U. decumbens: 

Urochloa decumbens; M. maximus: Megathyrsus maximus; SEM: standard error of the mean; F: 

fertilized; NF: unfertilized; Ep: species; Tr: treatment; Ed: age. Different letters indicate 

significant difference (P = 0.05) of the variables by species, treatments, and age. 

 
 

 

In both times of year, differences were found (P = 0.05) according to the species, with the exception of 

C20:0. Regarding the treatment, there were also differences for almost all FAs, except for C18:0 and C20:0 

and for the age of regrowth, the FAs that showed nonsignificance were C16:1, C18:0, and C20:0. 

In the dry season, of the three FAs with the highest proportion (C16:0, C18:2n6c, and C18:3n3), the 

grass U. humidicola had the highest proportion of C18:2n6c, U. decumbens presented the highest 

concentration of C16:0, meanwhile, M. maximus presented the highest amount of C18:3n3. According to 

the treatments, fertilized grasses had a higher concentration of C18:2n6c and C18:3n3 and C16:0 was 

present in a higher proportion in the unfertilized grasses. Regarding regrowth ages, an increase was recorded 

in the proportion of C16:0 and C18:2n6c as age advanced, while C18:3n3 decreased (Table 3). On the other 

hand, in the rainy season, of the three FAs with the highest proportion (C16:0, C18:2n6c, and C18:3n3), the 

grass U. humidicola recorded the highest proportion of C18:2n6c and C18:3n3, while U. decumbens 

presented the highest concentration of C16:0. According to the treatments, the fertilized grasses had a higher 

concentration of C18:3n3, while C16:0 and C18:3n3 were present in a higher proportion in the unfertilized 

grasses. With respect to regrowth ages, an increase in the proportion of C16:0 and C18:2n6c was also 

recorded as age advanced, while C18:3n3 decreased. 
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DISCUSSION 
 

Agronomic evaluation 

Species with tillering growth, such as U. humidicola and M. maximus, may be taller than those with erect 

or creeping growth (Rojas-Hernández et al., 2011). However, the rains caused the U. humidicola grass to 

develop better than the other species, as it was taller. This could be due to the greater use of soil moisture. 

In tropical regions, grass stems tend to grow better with temperatures between 25 and 35 °C, and with an 

average monthly precipitation of 150 mm (Cruz López et al., 2011), conditions that were met in the present 

study. On the other hand, N and P fertilization caused a greater production of green forage compared to the 

unfertilized grasses. Nitrogen participates in the production of the hormone cytokinin, which is responsible 

for plant growth and activates the process of cell division and differentiation, which produces changes in 

the structural and morphological characteristics of grasses, that is, it increases the size and number of leaves, 

and stimulates plant growth through the elongation of the internodes (De Andrade et al., 2017). In addition, 

N and P are elements involved in physiological processes such as photosynthesis, respiration and energy 

storage and transfer. They also promote rapid root formation and growth. Aspects related to the growth and 

development of leaves in pastures (Aydin and Uzun, 2005). 

Furthermore, N and P fertilization together with precipitation caused the number of plants, shoots, 

coverage and leaf/stem ratio to increase in the rainy season. This indicates that N was used efficiently. 

Likewise, the climatic conditions at this time favored photosynthesis (De Dios-León et al., 2022). However, 

this accelerated growth caused the diameter of the stem to increase, consequently, its structural components 

increased, decreasing digestibility and nutritional value (Calzada-Marín et al., 2019). 

Finally, the low forage yields that occurred in the dry season could be due to the little precipitation 

recorded in that season, so the biochemical process of photosynthesis is negatively affected (De Dios-León 

et al., 2022). 

 

Chemical composition 

Although there were no differences in nutritional content between the evaluated species, it is pertinent to 

indicate that the CP percentages obtained in our study in fertilized grasses were higher than those reported 

by other authors. In this regard, Rincón et al. (2018) found averages between 8.4% and 9.9% for U. 

humidicola; Zambrano and Obando (2013) reported a maximum content of 10.5% for the grass U. 

decumbens, and Suárez et al. (2011) found ranges between 8.5% and 9.5% for the species M. maximus. 

Furthermore, the DIVMS percentages were within the averages reported by Meléndez (2012), 68%, 71%, 

and 68% for U. humidicola, U. decumbens, and M. maximus, respectively. 

In the rainy season, the decrease in CP was greater, since at this time the growth and maturation of the 

grass occurs more quickly because the conditions of sunlight, temperature, and humidity are favorable. 

Therefore, a process called “protein dilution” is accelerated (Fernández et al., 2012). As in CP, there is a 

negative relationship between the age of the grass and the percentage of DIVMS, since this decreases as the grass 

matures, due to the increase in the concentration of structural components of the cell wall such as cellulose, 

hemicellulose, and lignin, decreasing the nutritional quality of the grasses (De Dios-León et al., 2022). 

With N fertilization, the grasses increased the CP content in the leaves. Which is attributed to the fact 

that N increases the synthesis of metabolic compounds in the grass and greater biomass production is 

obtained (Acosta Balcazar et al., 2022). In addition, it is essential for the synthesis of chlorophyll, so it is 

also involved in the photosynthesis process (De Andrade et al., 2017). 

The content of ADF and NDF was different from that of the CP and the DIVMS, since these increased 

with the advance of the age of the pastures. The ADF content of grasses helps us evaluate their digestibility, 

while NDF is a component that can limit the ingestive capacity of animals (Merlo-Maydana et al., 2017). 

The differences in DIVMS, ADF, and NDF found between seasons could be due to the fact that 

precipitation helped the fertilized grasses to have an increased cellular content, while, in the unfertilized 

ones, it accelerated their growth and maturation process, making them more fibrous and less digestible. 

On the other hand, the percentages of fat found in this research in both seasons remained constant with 

respect to the age of regrowth and showed no difference due to the type of treatment; however, they were 
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higher than the percentages reported by Canchila Asencio (2014), who found between 1.3% and 2.3% fat in 

different varieties of U. humidicola grass. Mahecha-Ledesma et al. (2017) recorded 1.49% fat in U. decumbens, 

while Sosa-Montes et al. (2022) reported an average of 1.20% fat for M. maximus. In the rainy season, fat 

contents were negatively affected due to precipitation and humidity (Zambrano and Obando, 2013). 

 

Fatty acid profile 

About 75% CLA in bovine milk originates from the consumption of linoleic and α-linolenic acid contained 

in dietary ingredients (Mojica-Rodríguez et al., 2017). In this regard, grasses are the main source of PUFA 

for ruminants, because they consume large amounts of forage, causing a greater intake of PUFA (Khan et 

al., 2015).  

In the present study, 10 FA were found, of which linoleic (C18:2n6c) and α-linolenic (C18:3n3) 

contributed between 45% and 52% to the total FA. These results differ from the study by Morales-Almaráz 

et al. (2018) who found that the fat portion of C18:2n6c and C18:3n3, in grasses, is 95%, and of this, 

between 50% and 75% belongs to C18:3n3. The variations in concentrations were mainly due to the forage 

species, as well as the treatments applied and the environmental conditions that occurred during the 

sampling periods (Glasser et al., 2013). In this regard, Elizondo-Salazar (2017) mentions that the 

concentration of linoleic and α-linolenic acids in grasses will depend on factors such as: Species, variety, 

climate, light intensity, and management techniques such as N fertilization and age. of regrowth. 

In the dry season, C16:0 was the FA most present in the three species, and in the rainy season it was for 

U. decumbens and M. maximus. High temperatures positively influence the production of C16:0, because 

an adaptation mechanism occurs that reduces the fluidity of membranes in plant cells and evapotranspiration 

is decreased in this type of environment, directly affecting C18:3n3 (Toyes-Vargas et al., 2013). Our results 

differed with the data obtained by Mojica-Rodríguez et al. (2017), who also used cultivars of the species M. 

maximus (Mombasa and Tanzania) and compared them with species of Urochloa (humidicola and 

brizantha), with those of the species M. maximus having a higher proportion of C18:2n6c and C18:3n3 (1.58 

and 2.93 vs. 1.01 and 1.46 g kg-1 DM). On the contrary, the rains favored the production of C18:2n6c and 

C18:3n3, whose portion was higher in the Urochloa (55.10 and 50.10 vs. 47.80 g 100 g-1 FA). This result 

could be because leaves of the Urochloa are larger, causing greater coverage and forage production. 

The FAs are present in the lipids of leaf membranes, mainly in thylakoid membranes of the chloroplasts, 

which contain on average 20% lipids, so there is a positive correlation between chlorophyll content and total 

content of FA (Khan et al., 2015). It is worth mentioning that, regarding the type of grass, Plata-Pérez et al. 

(2022) state that the concentration of C18:3n3 is higher in grasses, because they are characterized for having 

a greater amount of vegetative material. 

On the other hand, FA concentrations, especially C18:2n6c and C18:3n3, will increase according to 

management techniques that induce rapid vegetative growth such as N fertilization, or techniques that 

determine the appropriate age for the use of grass as management of regrowth age (Acosta Balcazar et al., 

2022); both techniques were used in this research. 

In both the dry and rainy seasons, grasses were favored by fertilization since their PFA content increased. 

In this regard, Elgersma et al. (2005) recorded significant increases of 18%, 12%, and 40% of the acids 

C16:0, C18:2n6c, and C18:3n3, when pastures were fertilized. In the present study, the greatest increase 

was in C18:3n3 (22.70% and 47.41% for dry and rainy season, respectively), decreasing the proportion of 

C18:0 and C18:2n6c. 

Nitrogen is essential for the synthesis of chlorophyll, so it is also involved in the photosynthesis process 

(De Andrade et al., 2017); in addition to intervening in the photosynthetic activity of the plant, participates 

in the expansion of leaf area (increases the number of leaves) and the production of new shoots. Furthermore, 

it influences the morphogenetic characteristics of the grass and participates in the synthesis of proteins and 

FA, causing greater accumulation of lipids in the plant and increasing the amount of FA within the cellular 

content (León et al., 2011; González, 2014; Rincón et al., 2018). Regarding the age of regrowth, Mojica 

(2017) states that leaves have a higher FA content than stems, and young plants have a higher FA 

concentration than older plants. Therefore, pasture management is important in the FA composition of 

pastures. In the present study, some of the FAs decreased as the age of the grass advanced, specifically 
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C18:3n3, which decreased around 18% in both seasons. The decrease in FA with respect to the age of the 

grass may be due to three factors: Decrease in leaf/stem ratio, leaf maturation, or the beginning of flowering 

and senescence (Khan et al., 2015). With plant maturity, the concentrations of other metabolites such as 

cellulose, hemicellulose, and lignin increase (Jarquin Almanza et al., 2013). As the grass grows, DM 

production increases, but nutritional quality is lost. A negative relationship can be seen between the increase 

in percentage of ADF and the decrease in the amount of C18:3n3, since as the age of the grass increases, 

metabolites such as proteins, minerals and lipids are lost and the plant becomes more fibrous, so grass is 

less digestible. 

 

CONCLUSIONS 
 

Under the experimental conditions of the study, it is concluded that N and P fertilization increased forage 

production and the nutritional quality of the pastures. The fat content was not affected by the fertilization. 

While the concentration of linoleic and α-linolenic acids, independently of the season, increased with N and 

P fertilization. Which was highest on day 20 and decreased with the increase in plant maturity.  
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