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Abstract. The effect of spatio-temporal variations in proximate composition of the forages and fodder 

species grazed by the ruminants in different sites of district Bhakkar, Pakistan was evaluated. Samples 

were collected from different sites of the selected region during four seasons. There was significant effect 

of site on all proximate parameters except ether extract. Season of collection significantly affected 

moisture content, dry matter, crude protein, crude fiber, ether extract, NFES and net energy while ash 

content was non-significantly affected. Site x season also has significant effect on all proximate 

parameters. The study unveils the composition of diet of ruminants, providing information about the 

need of supplementation for these animals to increase their productivity. 
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1.Introduction 
The nutritional significance of forage is a product of proximate composition of the plant material, its 

digestibility and the bioavailability of the nutrients present in it by Sher et al. [1]. Proximate analysis 

gives the detailed information regarding the composition of sample. The analysis gives basic information 

about ash content, moisture content, volatile matter content and fixed carbon. The charring of organic 

components leaves behind the dry inorganic residue known as ash. Ash content is the measurement of 

mineral content of the sample. The low volatility of minerals ensures their safety during burning of 

sample [2]. High ash value is the indication of higher mineral content in the plant sample. The mass of 

ash produced is variable according to the part of plant charred and the age of plant by Vermani et al. [3]. 

The moisture content is conditional on temperature, climatic conditions, humidity, storage conditions 

and harvest time of the plant. Moisture content determines the stability of plant based drugs and 

formulations. Lower the moisture content, higher is the stability of the drug. The lower moisture level is 

also an indication of high caloric value of plant samples by Nair et al. [4].  

The chemical composition of plant, particularly its crude protein content, is responsible for the 

digestibility in animal’s gut by Sher et al. [1]. Inverse relation exists between the palatability and crude 

fiber content of the plant. Good quality forage thus contains less concentration of fibers and is rich in 

proteins by Sher et al. [5]. Fiber concentration drops the forage quality by dilution of available nutrients, 

thereby lowering the digestibility of plant material by Jimoh et al. [6]. The maceration of food and 

expulsion of waste material from the gastrointestinal tract is closely associated with the concentration of 

crude fibers in the diet. Food containing high value of fibers is helpful for treating constipation. The 

treatment of hypertension, colon and breast cancer, type 2 diabetes and coronary heart diseases is also 

accredited to crude fibers [7].  

 
 

*email: jsalqahtani@ksu.edu.sa 

https://revistadechimie.ro/
https://doi.org/10.37358/Rev
mailto:jsalqahtani@ksu.edu.sa


Revista de Chimie                                                                                                                                                                
https://revistadechimie.ro   

https://doi.org/10.37358/Rev.Chim.1949 

 

Rev. Chim., 72(2), 2021, 137-146                                                               138                                  https://doi.org/10.37358/RC.21.2.8426 

 

The feasibility of a plant to be used as forage is directly dependent upon the accumulation of carbo-

hydrates and proteins in different parts of the plant by Esene et al. [8]. The concentration of carbo-

hydrates could be derived by treatment of crude fiber with acid and alkali by Vidita et al. [9]. Carbo-

hydrates are a ready source of energy for living systems. Storage compounds such as starch and glycogen 

belong to polysaccharide class of carbohydrates and provide a fair amount of energy on oxidation by 

Hasan et al. [10]. The optimum daily intake dietary of carbohydrates for children, adults, feeding and 

pregnant females is 130, 130, 175 and 210 g/day and that of proteins is 13-19, 34-56 and 17-71 

respectively [11]. Plant proteins are cheap to produce and more convenient to store and transport in 

comparison with the flesh proteins but the nuisance associated with plant proteins is their affixation with 

anti-nutrient compounds which make them unpalatable [12]. Above literature exhibits the requirement 

of unveiling the seasonal effects on proximate composition of forages and fodders in semi-arid 

environment, which has not been yet highlighted comprehensively. Current work was done to evaluate 

the seasonal variation on proximate contents and to check its toxicity in every season.   

 

2.Materials and methods 
Study site 

The present investigation was conducted at two sites of (Tehsil Bhakkar and Tehsil Darya Khan) 

District Bhakkar, Pakisatn having average annual temperature 24.6°C and average rainfall 213 mm. Both 

of these sites were further divided into 10 plots for the collection of samples. 

 

Collection of samples 

The forage and fodder species available in the study site were randomly collected in four seasons 

[(S1) Summer, (S2) Winter, (S3) Autumn and (S4) Spring] using sterilized apparatus. The samples were 

rinsed with distilled water to wash off any dust or impurities. The collected samples were then shade 

dried, stored in labeled seal bags and placed in incubator for 5 days at 70oC) [13]. Dried samples were 

combined into one composite sample and used for analysis. List of the collected plants is given below 

(Table 1). 

Table 1. List of forages with scientific and local names 
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Proximate analysis 

The protocols designed by Association of Official Analytical Chemists [14] were followed for the 

accomplishment of proximate analysis of the plant material. Proximate analysis gives the detail about 

dry matter, moisture content, crude protein, crude fibers, ash, ether extract NFES (Nitrogen free 

extractable substances) and net energy. 

 

Statistical analysis 

Data visualization was performed with the help of bar plots using ggplot2 package in software R. 

Analysis of variance (ANOVA) by Steel et al. [15] along with least significant difference (LSD) test was 

applied using Statistix 8.1.  

 

3.Results and discussions 
Ash 

The analysis of variance of data for Ash showed significant variations in site and site x season but 

non-significant variations in seasons (Table 2). Ash content in forages varied from 20.94 to 23.50 % in 

all seasons at both sites. Lowest ash content was observed in season 1 at site 1 and highest ash content 

was observed in season 4 at site 2 (Figure 1). The ash content of forages as reported in the present study 

were higher as compared to the values reported by Tsoukala et al. and Ahmad et al. [16,17] and lower 

in comparison with the findings of Qayyum et al. [18].  

 

 

Table 2. Analysis of variance of proximate contents for forages mean square of studied  

parameters at two sites during four seasons with 482 error degree of freedom 

 
 

 

Environmental and genetic factors pivotally explain the presence of mineral and ash contents of 

forages and fodders [19] playing important role in the morphological and physiological functions of 

plants. Availability of ash content varies among different organs of the same plant, being highest in the 

leaves by Monti et al. [20]. Quality of biomass affects the net energy and ash content of plants and often 

causes reduction in the heating value. Seasonal variations and plant species also affect the ash content 

in available plant. Ash content and heating values show inverse relationship, high ash content causing 

reduction of heating value. 1 percent increase of ash content causes 0.2 MJ kg-1 decline in heating value 

by Cassida et al. [21]. 
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 Figure 1. Mean concentrations of ash, moisture content, dry matter and  

crude protein in four seasons at two sites 

 

Moisture content 

Variance analysis of Moisture content in forages exhibited significant effect of site, season and site 

x season (Table 2). Moisture content in forages ranged from 6.87 to 10.42 % at both sites in all seasons. 

Minimum value of moisture content was present at site 1 in season 1 and maximum value of Moisture 

content was present at site 2 in season 4 (Figure 1). Present findings of Moisture content were similar to 

the findings of Owolabi et al. [22]. Moisture values reported in the current investigation were lower than 

the values described by Aurelia et al and Tsoukala et al [23,24].  

Moisture content affects the plants and animal in many ways. In plants, it is considered essential for 

many functions and growth of plants. Plants need water not only for growth but as a key factor to perform 

many functions and survival of plant. Importance of moisture content increases 100 times in arid 

environment, so plants growing in such conditions adapt many modifications to survive in their 

environment and to save moisture content. These adaptations include development of thick cuticle, small 

leave size, spines and succulent [25]. Moisture content also affects nutritional value of animal feed. 

Animal feed consist of many nutrient e.g. vitamins, fats, proteins, water, minerals and carbohydrates. 

Moisture content also affects the nutritional properties of feeds during conversion of nutrients into dry 

matter [26] and Ahmad et al. [27].  

 

Dry matter 

Analysis of data for forages revealed that site, season and site x season had significant effect on Dry 

matter concentration (Table 2). Concentration of Dry matter at both sites in all seasons varied from 89.33 

to 93.12 %. Lowest level of Dry matter was observed in season 4 at site 2 and highest level was observed 

in season 1 at site 1 (Figure 1). Current analysis of forages showed that Dry matter contents were higher 

than the values analyzed by Mutayoba et al and Bolanle and Adedayo [28,29]. Present values of dry 

matter were lower than the values mentioned [30]. 

Dry matter is actual indication of nutrients in plants and feed after removal of water. Study on Dry 

matter, nutrient uptake and nutrient mobility gives proper information about the requirement of 

optimization of fertilizer and reduction of nutrient loss [31]. Dry matter is known as important parameter 

in plants as it is associated with several aspects of plant survival and growth. Dry matter also plays 

significant role in explaining ecological behavior and relative growth of plants by Garnier et al. [32]. 
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Yield of crops has positive relation with accumulation of nutrient and production of Dry Matter.  High 

amount of dry matter causes to increase the yield of crops while low dry matter reduces the crop yield. 

Accumulation of Dry matter in plants is associated with stage of plant growth. Dry matter contents 

increases as the growth of plants increase by Meng et al. [33]. 

 

Crude protein 

Results of analysis of variance showed that crude protein had significant variations in site, season 

and site x season (Table 2). Crude protein values throughout all season at both sites varied from 20.65 

to 23.81 %. Minimum value of Crude protein was showed in season 1 at site 1 and maximum crude 

protein was showed in season 4 at site 2 (Figure 1). Crude protein contents of forages were higher than 

the contents of crude protein examined [29]. Owolabi et al., [22] indicated lower level crude protein than 

the level revealed in the present study. Findings of [34] were much lower than the current findings of 

protein.  

Crude protein is known as most vital factor that describes the quality of produced forage and fodders. 

Crude protein level in forages of grassland and rangelands has more significant effect upon consumers 

by Mlay et al. [35]. Crude protein content in grassland plants is higher at early growth stages and the 

level starts falling as age of plant increases so plants at early growth stages are rich source of crude 

protein by Hejcman et al. [36]. Crude protein level also varies according to plants organ. Leaves of plant 

contain high crude protein level than shoots and stem. Leaves also possess high crude protein level at 

mature stage of plant. Crude protein content also varies according to plant types. Legumes have high 

crude protein than grasses and forbs exist between legumes and grasses [37].  

 

Crude fiber 

Analysis of variance of data regarding crude fiber showed significant effects in site, season and site 

x season (Table 2). Crude fiber contents in forages ranged from 16.61 to 19.81% at both sites of all 

seasons. Lowest level of Crude fiber was available in season 1 at site 1 and highest level was available 

in season 4 at site 2 (Figure 2). Present investigation showed that crude fiber concentration of forages 

was lower as compared to the concentrations given by [38,34]. Crude fiber contents of present work 

were higher than the work [29]. 

 
Figure 2. Mean concentrations of crude fiber, ether extract, NFES and net  

energy in four seasons at two sites 
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Crude fiber is known as permanent feed from plant origin. It is composed of many components like 

pectin substances, waxes, gums, indigestible oligosaccharides, cellulose, hemicelluloses and lignin. 

Digestion of Crude fiber is very complex, it is considered non-digestible because it is digested to lesser 

or greater extent in the gastrointestinal tract of animals by enzymes of the microfauna. It also shows its 

specific effects in animal after binding to minerals and organic substances in gastrointestinal tract by 

Pisarikova et al. [39]. Crude fibers may be soluble or insoluble, depending upon the ability of hemi-

cellulose, pectin and cellulose to bind water. In animals, fibers promote peristalsis by inducing 

mechanical sensation of glutting and it also plays significant role in the regulatory activity of rumen 

[40]. 

 

Ether extract 

The analysis of variance of data for Ether extract depicted significant variations in season and site x 

season and non-significant variations in sites (Table 2). Results of Ether extract varied from 0.92 to 1.39 

% at both sites in all seasons. Minimum value of Ether extract was available in season 1 at site 1 and 

maximum value was available in season 2 at site 1 (Figure 2). Findings of Dash et al. [41] were much 

lower than current findings of Ether Extract contents. Ether Extract values described in present research 

were lower than the ether extract examined by Ahmad et al and Chatterjee and Chatterjee [42,43]. 

Role of ether extract or total fat in plants and consuming animals is very important. It contains the 

group of nutrient fat which play significant role in body of animals [44]. It is also considered as an 

essential energy source of ruminant diet. Level of ether extract generally remains very low and its level 

decrease as the age of plant increase [45]. Leaves possesses high amount of ether extract as compared 

to other plant parts. Plant species, phenological stage and rate of grazing also affect the level of ether 

extract in plants as well as in animals by Cabiddu et al. [46]. 

 

Nitrogen free extractable substances (NFES) 

NFES values revealed significant variations in site, season and site x season (Table 2). Value of 

NFES was ranged from 31.50 to 40.86 % at all sites in all seasons. Minimum level of NFES was observed 

in season 4 at site 2 and maximum level was observed in season 1 at site 1 (Figure 2). Current available 

contents of NFES were lower as compared to the findings of Cruz-Suarez et al. [47]. Present 

investigation showed that NFES contents available in forages were similar to the NFES studied by 

Ahmad et al. [48]. 

Concentration of NFES shows reduction with excessive use of fertilizers. On the other hand NFES 

level increase as grasses mature. NFES level also increases in summer season because low moisture also 

affect the NFES level which has direct relation with maturity of grasses [49]. Deficiency of nitrogen in 

soil and plant tissue also causes elevation of NFES level. NFES level also affect the food energy of seed 

as high NFES level inverse the seed food energy by Bashir et al. [50]. 

 

Net energy 

Analysis of variance of data for Net energy in forages exhibited significant effects of site, season and 

site x season (Table 2). Net energy contents in all seasons at both sites varied from 131.52 to 138.58 %. 

Lowest value of Net energy was present in season 1 at site 1 and highest value of Net energy was present 

in season 4 at site 2 (Figure 2). Net energy level described in forages of present work was higher from 

the work of Castell et al. [51]. Bashir et al., [50] also examined net energy contents but the reported 

values were lower than the current energy contents. Present findings of Net energy were higher than the 

early findings of Hussain et al. [52]. 

Net energy value is considered as most important source of energy for ruminants. Net energy is like 

a fuel for animals. Net energy is basically inherent chemical energy which comes from carbo-hydrates, 

fat and protein of organic food compounds by Bhattacharjee et al. [53]. Proper evaluation and 

formulation of feed requires accurate amount of net energy of forages ingested by animals. Net energy 

value is the main factor which determines different changes in body condition e.g. milk production and 
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fetal growth and body weight of animal by Johnson et al. [54]. Current net energy results were enough 

to fulfill ruminant requirements and it was possible only due to availability of rich nutrient forages and 

diet. 

 

4.Conclusions 
Assessment of proximate composition of the forages shows variations with respect to site and 

seasons. Site 2 exhibited rich composition except for dry matter and NFES which were high in site 1. 

Highest concentration of ash, moisture, crude proteins, crude fiber, ether extract and net energy was 

present in Spring at site 2 while lowest concentration occurred in Summer at site 1. Thus, 

supplementation during summer season is particularly suggested for the ruminants residing at site 1. 
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