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Abstract 

 

Proximate and elemental analysis can be used to assess the nutritional value of plants. The health and feed of cattle are 

influenced by the phytochemical contents. This study is designed to investigate the proximate and elemental composition of 

selected plant species at three different phenological stages i.e. pre-reproductive, reproductive and post-reproductive. The 

proximate analysis revealed that Conyza canadensis had the highest content of carbohydrates (59.2%) in all six species. Olea 

ferruginea was found with the highest concentration of fiber (37%) and protein (18.38%), while Rubus fruticosus had the 

highest content of fibers (33%), protein (13.13%) and moisture (10.6%) next to carbohydrates. The proximate parameter's 

correlation matrix showed a strong negative correlation. The highest concentrations of the macro-nutrients N (120950 µg/g), 

P (10900 µg/g), K (82575 µg/g), Ca (62550 µg/g) and Mg (3675 µg/g) were found in Conyza canadensis in the pre-

reproductive and reproductive stages. Elevated concentrations of micro-nutrients like Cu, Fe and Zn were detected in Rubus 

fruticosus, Daphne mucronata and Alnus nitida. Potassium had a significant correlation with Ca (0.768***) and Mg 

(0.761***) while nitrogen has a negative correlation with all macro-nutrients. Fe has a significant correlation with Zn (0.649**) 

and Cu displayed a negative correlation with all macro-nutrients. The proximate and minerals profiles of the selected plants 

were found within permissible limits and the concentrations were similar to those reported in other regions of Pakistan. 
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Introduction 

 

The nutritive and medicinal potential of plants can be 

learned from their chemical profiling (Hameed & Hussain, 

2015). The nutritional value of a plant is assessed by its 

proximate and elemental analysis (Hussain et al., 2021; 

Batool et al., 2022). The physiological function and 

metabolism of both humans and cattle are significantly 

impacted by the nutritional and elemental composition of the 

diet (Gull et al., 2015). Cattle health and performance are 

impacted by the availability and concentration of nutrients 

(Khan et al., 2013). The proximate composition and elemental 

content of feed plants may be affected by various factors, 

including plant species, their phenological stages, climate and 

harvesting season (Minson, 1990; Jumba et al., 1996). Plant 

nutrient levels vary according to their phenological stage, 

weather, grazing pressure, soil fertility and geographic 

distribution (Khan et al., 2018). Nutrient deficiency in 

livestock is associated with many physiological abnormalities, 

reproductive problems and illnesses. Low milk production 

and other physiological disorders are directly related to the 

mineral deficiency of major and trace elements (Khan et al., 

2013). The overwhelming majority of compounds with 

medicinal and dietary benefits are found in plants (Edeoga & 

Gomina, 2001). 

The livestock industry is one of the agricultural 

subsectors with the fastest growth. The livelihoods and 

nutritional security of nearly a billion people depend on 

livestock (Robinson et al., 2014; Geng et al., 2020). The 

production of crops and cattle is competing more 

ferociously for agricultural land and manpower as a result 

of an unexpected increase in consumer demand for animal 

goods. The cost of commercial livestock feed is increasing 

while at the same time environmental stress, such as heat 

stress, is lowering milk production (Geng et al., 2020). The 

sustainability of traditional smallholder livestock farmers 

in the mountains is imperiled by factors such as the scarcity 

of grazing pasture for livestock, the high cost of 

commercial feed and increasingly rising environmental 

stresses (Toth et al., 2017).  

The relevance of any fodder species depends on its 

flavour and nutritional content because fodder is provided 

to animals for a specified purpose (Khan et al., 2018). 

Nutritious feed security is crucial for ensuring optimum 

agricultural output (FAO, 2006; White et al., 2012). Plants 

are rich in essential elements and there is a strong link 

between their nutritional value and growth (Newall et al., 

1996). The nutrition of grazing animals is a dynamic 

interaction of soils, plants and animals (Khan et al., 2007). 

Seasonal variation can significantly alter the composition 

of minerals consumed through feeding, as well as have an 

impact on plant growth, pasture supply and soil moisture 

content (Smith & Loneragon, 1997). The objectives of this 

research were to investigate the proximate composition and 

elemental analysis of macro-nutrients (N, P, K, Ca and Mg) 

and micro-nutrients (Cu, Fe, Zn, Mn and Na) in the pre-

reproductive, reproductive and post-reproductive stages of 

the plants. These plants are grown well in the valley, are 

easily accessible throughout the year, and may have 

nutritional benefits to be utilized as feed.  The palatability 

preferences of herbivores in a given area are determined by 

the varying mineral and proximate composition of plants, 

therefore, this analysis will contribute to enumerating the 

palatability status of these plants in future studies. 

 

Material and Methods 

 

Plants samples collection, drying and grinding: Six 

plant species i.e., Alnus nitida, Conyza canadensis, Daphne 

mucronata, Heteropogon contortus, Olea ferruginea and 

Rubus fruticosus were collected at three phenological 

stages (pre-reproductive, reproductive and post-
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reproductive). These species were identified with the flora 

of Pakistan (Ali & Qaiser, 1995-2018). The voucher 

specimens were deposited in the herbarium of the 

Department of Botany, University of Peshawar. The 

collected parts of plants were cleaned thoroughly with 

deionized water and spread over paper for air drying. 

Following air drying, oven-dried for 72 hours at 65°C. The 

samples were then ground into powder. The powdered dry 

samples were put in plastic bags for further analysis. 

 

Proximate analysis: The moisture content, total ash, crude 

fiber, crude oil and crude protein of the powdered samples 

were determined using standard methods (Anon., 2016; 

Hussain et al., 2021). 

 

Moisture content (%) = 
Weight of fresh sample – Weight of dry sample 

x 100 
Weight of fresh sample 

 

Total ash (%) = 
Initial weight – Final weight  

x 100 
Initial weight  

 

Crude fiber (%) = 
W2 – W3  

x 100 
W1 

where "W1" is the weight of the sample that has been dried out completely and extracted with ether, "W2" is the weight 

of the sample that has been cooled for 30 minutes and "W3" is the weight of the sample that has been cooled for an hour. 

 

Crude fat (%) = 
Initial weight – Final weight  

x 100 
Initial weight  

 

Crude protein (%) = 
ml. of 0.1N sulphuric acid used x 0.1 (normality) x 1.4007 x dilution factor x F 

x 100 
Weight of sample 

 

To calculate the amount of non-fiber carbohydrates (NFC), 

the following formula was employed (Unuofin et al., 2017). 

 

NFC (%) = 100 – (% Ash + % Crude fat + % Crude protein 

+ % Crude fiber 

 

The correlation matrix between the six parameters was 

calculated using SPSS software, version 16.0 (Beshaw et 

al., 2022). 

 

Heatmaply and ggplot2 analysis: A cluster heat map was 

evaluated for plant proximate analysis using the Heatmaply 

and ggplot2 packages in R programming to understand 

more about the correlation and coherence among the 

proximate variables (Galili et al., 2018).  

 

Elemental analysis: The solutions for various elements 

were examined using an atomic absorption spectrometer, a 

Shimadzu AA-670 and the appropriate hollow cathode 

lamps. The required standard calibration curves were 

generated by calculating the measurements of various 

elements using standard AR-grade solutions. 

 

Jaffrey amazing statistic program (JASP): A 

correlation-based heat map for the analysis of plant macro-

nutrients and micro-nutrients was evaluated using JASP 

statistical software version 0.9 (Love et al., 2019). 
 

Results 
 

Proximate and elemental analysis: The nutritional 

value and palatability status of plants are determined by 

their proximate composition and elemental contents 

(Akinleye et al., 1996). The palatability of forage plants 

is determined by their proximate and elemental 

composition. At various phenological stages, different 

plant species have distinctive proximate and elemental 

concentrations. The current study analyzed the proximate 

and elemental compositions of six plants (Table 1). 

 

Alnus nitida (Spach) Endl. Gen.: Proximate analysis 

revealed that the reproductive stage of Alnus nitida had 

the maximum moisture content (9.6%), while the pre 

and post-reproductive stages had the lowest ash content 

(5.5%) respectively. The reproductive stage had higher 

protein (18.38%), fiber (16.0%) and fat (4.1%) contents 

than the post-reproductive stage which had a higher 

content of carbohydrates (57.3%) (Table 2). The current 

study shows that at the pre-reproductive stage, the 

concentrations of nitrogen, potassium, calcium and 

magnesium in the macro-elements were 98850 µg/g, 

17850 µg/g, 36175 µg/g and 3350 µg/g respectively. 

Compared to the reproductive and post-reproductive 

stages, these concentrations were higher, except for the 

reproductive stage having the greatest phosphorus level 

(32350 µg/g). Similarly, sodium and manganese 

concentrations in micro-elements varied somewhat 

throughout the three phenological periods. At the post-

reproductive stage, the maximum Fe concentration 

(3300 g/g) was observed (Table 3). 
 

Conyza canadensis (L.) Cronquist: Conyza canadensis 

proximate composition shows that moisture content 

(10.2%) was nearly the same at all three phenological 

stages, while carbohydrate content (59.2%) was higher at 

the pre-reproductive stage, protein (14%), fiber (16.5%), 

ash (15.5%) and lipid (1.1%) contents were higher in the 

reproductive stages (Table 2). Macro-elements like 

nitrogen concentration were found to be at their highest 

level (67925 µg/g) during the pre-reproductive stage. The 

highest concentrations of calcium (62559 µg/g), potassium 

(82575 µg/g), magnesium (3675 µg/g) and phosphorus 

(10900 µg/g) were detected in the reproductive stage. The 

values of P content in the current study exhibit variation at 

various phenological stages. While manganese (3560 µg/g), 

zinc (2220 µg/g) and iron (1150 µg/g) were estimated more 

at the reproductive stage, sodium content (6120 µg/g) was 

assessed more at the post-reproductive stage (Table 3). 
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Daphne mucronata Royle: The proximate analysis of 

Daphne mucronata shows that the highest concentrations 

of carbohydrate (53.55%) and lipid (3.1%) were found at 

the pre-reproductive stage, fiber (28.5%) and protein 

(7.28%) were found at the reproductive stage and moisture 

(10.2%) and ash (5.5%) were found at the post-

reproductive stage (Table 2). At both the reproductive and 

pre-reproductive stages, the nitrogen content in micro-

elements was 120000 µg/g. The highest concentration of 

calcium (20475 µg/g) and manganese (2300 µg/g) was 

found in the post-reproductive stage, respectively. In the 

pre-reproductive stage, there was a higher concentration of 

potassium (12300 µg/g). The levels of micro-elements 

varied between the three phenological stages, with the 

post-reproductive stage having the greatest copper and 

sodium concentrations at 2120 µg/g and 1960µg/g, 

respectively (Table 3). 

 

Heteropogon contortus (L.) P. Beauv. ex. Roem & Schult.: 

The pre-reproductive stage of Heteropogon contortus had 

the highest concentrations of carbohydrates (58.1%) and 

protein (10.5%), while the reproductive stage had higher 

concentrations of fiber (34.5%), moisture (9.3%), ash (5.5%) 

and fat (1.3%) (Table 2). The elemental composition shows 

that at the reproductive stage, nitrogen concentration was 

105125 µg/g, potassium was 18200 µg/g, magnesium was 

900 µg/g and phosphorus was 560 µg/g. Similarly, at the pre-

reproductive stage, the calcium content was 7425 µg/g. The 

highest concentrations of iron (3440 µg/g) and zinc (3320 

µg/g) in the micro-elements were found at the post-

reproductive stage, as shown in Table 3.  

 

Olea ferruginea Wall. ex Aitch.: The pre-reproductive 

stage of Olea ferruginea had a high protein content (7.88%), 

moisture content (7.77%) and ash content (6.6%), whereas 

the reproductive stage had a greater fiber content (37.0%) 

and the post-reproductive stage had the highest carbohydrate 

(42.6%) and lipid (16.4%) contents (Table 2). When it came 

to macro-elements, the pre-reproductive stage had a 

magnesium content of 3025 µg/g and calcium content of 

43625 µg/g, a phosphorus content of 2125 µg/g and a 

nitrogen content of 111400 µg/g. The stage after 

reproduction had the maximum potassium levels, 22500 g/g 

(Table 3). The post-reproductive stage has the maximum 

copper concentration in micro-elements, at 3600 µg/g. With 

high concentrations of 2140 µg/g and 3380 µg/g, 

respectively, of iron and manganese, the reproductive stage 

had high iron and manganese levels. In the same way, during 

the post-reproductive phase, zinc concentration was 3600 

µg/g, while sodium concentration was 2410 µg/g (Table 3). 

 

Rubus fruticosus L.: The approximate composition of 

Rubus fruticosus reveals that the reproductive stage had the 

highest levels of fiber (33%) and protein (13.13%), the 

post-reproductive stage had the highest levels of 

carbohydrate (53.1%), moisture (10.6%) and lipid (1.0%), 

while the pre-reproductive stage had the highest levels of 

ash (6%) as shown in table 2. At the reproductive stage, the 

concentration of macro-elements such as nitrogen (111375 

µg/g), magnesium (3050 µg/g), calcium (21525 µg/g) and 

phosphorus (1225 µg/g) was highest, whereas potassium 

level (118700 µg/g) was highest at the post-reproductive 

stage (Table 3). In micro-nutrients, the reproductive stage 

was found to have high concentrations of copper (3650 

µg/g), iron (2530 µg/g) and sodium (1850 µg/g), whereas 

the pre-reproductive stage had the highest zinc content 

(1680 µg/g) and the post-reproductive stage had the highest 

level (1850 µg/g) of manganese (Table 3). 

 
Table 1. Forage plants selected for proximate and elemental analysis. 

Species / Family Habit Distribution Palatability classes 

Alnus nitida (Spach) Endl. Gen., Betulaceae  Tree Occasional Non-palatable  

Conyza canadensis (L.) Cronquist, Asteraceae  Herb Common Moderately palatable  

Daphne mucronata Royle, Thymelaeaceae  Shrub Common Non-palatable 

Heteropogon contortus (L.) P. Beauv. ex. Roem & Schult., Poaceae  Herb Common Less palatable  

Olea ferruginea Wall. ex Aitch., Oleaceae  Tree Common Moderately palatable  

Rubus fruticosus L., Rosaceae  Shrub Common Highly palatable 

 
Table 2. Proximate analysis at different phenological stages. 

Parameters 

and mean 

value 

Species name and phenological stages 

Alnus nitida 
Conyza 

canadensis 

Daphne 

mucronata 

Heteropogon 

contortus 
Olea ferruginea Rubus fruticosus 

PR 

(%) 

R 

(%) 

POR 

(%) 

PR 

(%) 

R 

(%) 

POR 

(%) 

PR 

(%) 

R 

(%) 

POR 

(%) 

PR 

(%) 

R 

(%) 

POR 

(%) 

PR 

(%) 

R 

(%) 

POR 

(%) 

PR 

(%) 

R 

(%) 

POR 

(%) 

Moisture 9.5 9.6 9.0 10.1 10.2 9.5 9.2 9.8 10.2 9.1 9.3 9.4 7.7 7.2 7.3 10.0 10.4 10.6 

Mean 9.36 ± 0.05 9.93 ± 0.22 9.73 ± 0.29 9.26 ± 0.08 7.40 ± 0.15 10.33 ± 0.17 

Ash 5.5 5.5 5.2 10.5 15.5 14 4.5 4.0 5.2 4.0 5.5 3.7 6.6 4.0 6.0 6.0 6.0 5.3 

Mean 5.4 ± 0.1 13 ± 1.48 4.56 ± 0.34 4.40 ± 0.55 5.53 ± 0.78 5.8 ± 0.23 

Fiber 10.5 16 12.5 9.5 16.5 10.2 21.0 28.5 22.4 17.5 34.5 30.5 34.0 37.0 32.0 33.0 31.0 30.0 

Mean 13.0 ± 1.61 12.07 ± 2.23 23.97 ± 2.30 27.50 ± 5.13 34.33 ± 1.45 31.33 ± 0.88 

Fat 3.5 4.1 2.5 0.2 1.1 0.2 3.0 2.3 2.5 0.8 1.3 1.2 1.8 8.0 5.4 0.5 0.5 1.0 

Mean 3.36 ± 0.46 0.5 ± 0.30 2.6 ± 0.21 1.10 ± 0.15 5.06 ± 1.79 0.66 ± 0.16 

Protein 18.38 11.38 13.5 10.5 14.0 12.5 8.75 7.88 6.7 10.5 4.38 4.5 7.88 7.0 6.7 12.25 13.13 11.5 

Mean 14.42 ± 2.01 12.33 ± 1.02 7.77 ± 0.59 6.46 ± 2.02 7.19 ± 0.35 12.69 ± 0.47 

NFC 52.62 53.42 57.3 59.2 42.7 54.1 53.55 47.52 53.0 58.1 45.02 50.7 42.02 36.8 53.1 38.25 38.97 53.1 

Mean 54.45 ± 1.44 52.0 ± 4.87 51.36 ± 1.93 51.27 ± 3.78 40.47 ± 1.84 43.44 ± 4.84 

Key: PR= Pre-reproductive, R= Reproductive, POR= Post-reproductive 
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Table 3. Elemental analysis at different phenological stages. 

Plant species, 

phenological stages 

Macro-elements (µg/g) Micro-elements (µg/g) 

N K P Ca Mg Cu Fe Mn Zn Na 

Alnus nitida 

PRP 98850 17850 2425 36175 3350 1210 3075 4110 2660 4660 

R 80325 11725 1400 28975 2725 1280 1425 4330 2710 4700 

PR 55650 20360 32350 33525 2250 1310 3300 4360 2740 4720 

Mean 78275 16645 12058 32892 2775 1267 2600 4267 2703 4693 

Conyza canadensis 

PRP 120950 51900 4525 36500 2775 760 1550 1210 1140 1440 

R 67925 82575 10900 62550 3675 1110 1225 3560 2220 1480 

PR 89000 69350 12875 59300 2950 1140 1250 1590 1290 6120 

Mean 92625 67942 9433 52783 3133 1003 1342 2120 1550 3013 

Daphne mucronata 

PRP 120000 12300 2350 15275 1925 1120 3350 2220 3540 1870 

R 120000 11175 2850 20475 1225 2010 3411 2520 3610 1910 

PR 96500 8475 2035 17500 2300 2120 3550 3660 3630 1960 

Mean 112167 10650 2412 17750 1817 1750 3437 2800 3593 1913 

Heteropogon contortus 

PRP 72575 14900 125 7425 875 1310 3330 1980 2140 1650 

R 105125 5275 87.5 5625 575 1970 3370 2011 2260 1660 

PR 88350 18200 560 4575 900 2010 3440 2120 3220 1720 

Mean 88683 12792 257.5 5875 783 1763 3380 2037 2540 1677 

Olea ferruginea 

PRP 103100 14375 2125 43625 3025 3310 2025 2320 2110 2120 

R 111400 15475 350 35200 1900 3530 2140 3380 1690 2230 

PR 91750 22500 1150 41000 2850 3600 1850 2400 2212 2410 

Mean 102083 17450 1208 39942 2592 3480 2005 2700 2004 2253 

Rubus fruticosus 

PRP 79325 13450 430 16850 2825 2520 2200 1740 1680 1786 

R 111375 13400 1225 21525 3050 3650 2530 1700 596 1850 

PR 87900 18700 975 19300 2450 2050 1270 1850 1050 1585 

Mean 92867 15183 876.7 19225 2775 2740 2000 1763 1109 1740 

 
Table 4. Proximate parameters correlation matrix. 

Parameters 
Correlation 

coefficient 
P-value Status 

Ash vs Carbohydrate -0.98 0.354 (>0.05) NS 

Ash vs Fat -0.038 0.062 (>0.05) NS 

Ash vs Fiber -0.475 0.027 (<0.05) SNC 

Ash vs Protein 0.4 0.056 (>0.05) NS 

Fat vs Carbohydrate 0.106 0.106 (> 0.05) NS 

Fat vs Fiber 0.176 0.176 (>0.05) NS 

Fiber vs Carbohydrate -0.761 0.00 (<0.05) SNC 

Moisture vs Ash 0.252 0.165 (>0.05) NS 

Moisture vs Carbohydrate 0.337 0.093 (>0.05) NS 

Moisture vs Fat -0.709 0.001 (<0.05) SNC 

Moisture vs Fiber -0.353 0.083 (>0.05) NS 

Moisture vs Protein 0.407 0.053 (>0.0.5) NS 

Protein vs Carbohydrate 0.168 0.260 (>0.05) NS 

Protein vs Fat -0.289 0.234 (>0.05) NS 

Protein vs Fiber -0.621 0.004(<0.05) SNC 

Key: NS= Non-significant, SNC= Significant negative correlated 

 

Correlation matrix of proximate parameters: 

According to the statistical analysis of the data for the 

proximate content, there is a significant inverse 

relationship between moisture and fat (-0.709), moisture 

and fibers (-0.352), ash and fat (-0.0388), ash and 

carbohydrates (-0.98), protein and fat (0.189), protein and 

fibers (-0.621), fibers and carbohydrates (-0.761) as shown 

in (Table 4). The Heat map tree diagram illustrated the 

distribution of various proximate concentrations in 

different phenological stages of six chosen plant species, 

including non-fibrous carbohydrates (NFC), fiber, 

moisture, ash, fat and protein. Dark colour has been used 

to indicate the highest concentration, while lighter colour 

has been used to represent the lowest concentration. To 

determine the stage at which these proximate 

concentrations differ from one another within a species, 

we have assessed them. Conyza candensis showed the 

highest concentration of NFC throughout the reproductive 

and post-reproductive stages, whereas Heteropogon 

contortous showed the highest concentration of NFC 

during the pre-reproductive stage. In Olea feruginea, the 

pre-reproductive and post-reproductive stages showed a 

high content of fibers (Fig. 1). 

 

Correlation matrix of nutrient contents 

 

Correlation among the macro-nutrients: The plant 

species' concentrations of various macro-nutrients at 

various phenological stages were examined using a 

correlation-based heat map. Various macro-nutrients 

were evaluated, including N, K, P, Ca and Mg. In a 

correlation-based heat map diagram (Fig. 2a), the 

concentration and p* values for each macro-nutrient 

have been graphed. The K has a substantial link with 

both Ca and Mg (p* value 0.768*** and 0.497*). 

Nitrogen has a negative correlation with all macro-
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nutrients, as shown by the heat map. While Ca has a 

significant correlation with K (p* value 0.768***), P 

(p*0.423*) and Mg (p*0.761***). Similarly, P has a 

positive correlation with Ca (p* value 0.423*) and Ca 

correlates with K (p* 0.768***) and Mg (p* 0.761***). 

Mg has a negative correlation with N (-0.141), K 

(0.497*) and Ca (0.761***). 

 

Correlation among the micro-nutrients: The 

correlation-based Heat map also explained the 

concentration of important micro-nutrients at distinct 

phenological stages in six plant species. Cu, Fe, Mn, Zn 

and Na were the micro-nutrients that were assessed. The 

correlation-based heat map diagram has been used to 

graph the concentration and p* values for each micro-

nutrient. (Fig. 2b) illustrates that Fe has a significant 

correlation with Zn (p* value 0.649**), Mn with Zn (p* 

value 0.496*) and Na (p* value 0.437*), whereas all 

macro-nutrients showed a negative correlation with Cu. 

 
 
Fig. 1. Clustered heat map showing correlation and coherence 

among the proximate parameters. 

 

 
 

Fig. 2. Heat map showing the correlation among the macro-nutrients (a) and micro-nutrients (b) 

 

Discussion 

 

Proximate analysis has a serious influence on the 

suitability of plant species for specific livestock 

requirements in various phases and subsidiary 

communities. The inhabitants frequently graze livestock in 

the area to build their livelihoods. The main issue in the 

study area was the low productivity of cattle due to their 

poor health. Six fodder plant species from Pashat Valley, 

Bajaur, were assessed for their ash, carbohydrate, protein, 

fiber, fat, moisture and elemental content in three 

phenological stages. The nutritional requirements of 

livestock vary with the age and physiological functions of 

grazing animals such as maintenance of growth, fattening 

and lactation. The efficiency of range animals will depend 

on the availability of plant species with high nutritional 

value to primary consumers. 

The proximate and elemental composition of forage 

plants is used to quantify their palatability. Different plant 

species have unique proximate and elemental 

concentrations at various phenological stages. Differences 

in moisture content among the species result from the 

physiological nature of the plant and the climate condition 

(Begum et al., 2018; Hussain et al., 2021; Anwar et al., 

2022; Batool et al., 2022; Shahid et al., 2023). Additionally, 

the proximity of plants changes according to their 

phenological stage, climate, grazing pressure, soil texture 

and geographic distribution (Khan et al., 2018). In the 

present investigation, high moisture content for Rubus 

fruticosus and low moisture content for Olea ferruginea 

were found. Plants with green leaves have more moisture 

than dry ones (Sheikh et al., 2019). The moisture level of a 

feed ingredient is important because it affects only the 

weight of the feed and not its nutritional value for the 

animals.  The normal moisture content permits the water-

soluble enzyme and coenzyme activity required for the 

plant's metabolic processes (Adamu et al., 2017). 

The pre-reproductive stages of plants consistently 

contain more crude protein than the reproductive and post-

reproductive stages (Ganskopp & Bohnert, 2003; Hussain 

& Durrani, 2008). The protein content of the examined 

species ranged from 6.46±2.02 % (Heteropogon contortus) 
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to 14.42±2.01 % (Alnus nitida). Due to the high 

concentration of crude protein, grazing animals often 

prefer the pre-reproductive stage of Heteropogon contortus 

over the reproductive and post-reproductive stages (Sultan 

et al., 2008). The availability of energy is directly 

correlated with the uptake and digestion of protein 

(McCarthy et al., 1989). The health of animals is connected 

to the range of plants' protein content (Ahmed et al., 2013). 

Protein-rich plants help in tissue growth and repair, the 

regulation of biological processes and the production of 

hormones, enzymes and other substances that assist the 

body in fighting infection (Ogidi et al., 2019). Usually, 

cattle graze more during the spring and summer because of 

the abundance availability of proteins that support animal 

growth and development (James et al., 2010). Along with 

protein content, dietary fat enhances feed palatability and 

also retains its flavor (Antia et al., 2006). The 

concentration of fat was found highest for Olea ferruginea 

(5.06±1.79%) and lowest for Conyza canadensis 

(0.5±030%). A species' usefulness as a feed source, as well 

as its level of palatability and vital function in energy 

production, are indicated by its highest fat content 

(Dangoggo et al., 2012). The high protein content of plants 

suggests that they can significantly help meet daily protein 

needs (FAO, 2006). 

Crude fiber is made up of plant cell structural elements 

such as cellulose, hemicellulose, lignin and pectin. As the 

plant becomes mature, the content of crude fiber increases 

(Ahmed et al., 2013). The content of crude fiber ranges 

from 34.33±1.45% for Olea ferruginea to 12.07±2.23% for 

Conyza canadensis.  It is essential for the digestion of food 

materials in animals' digestive tracts (Deka et al., 2013). 

Because of its well-balanced nutritional composition, 

Conyza canadensis was found to be more palatable and 

preferred by animals in the pre-reproductive stage than in 

the reproductive and post-reproductive stages (Haq & 

Badshah). This supports previous research by Hussain & 

Durrani (2008) and Ahmad et al. (2014) that found that in 

early developmental stages, herbaceous plants and grasses 

are rich in nutritional content. The findings also revealed 

that the plant fiber content had a beneficial nutritional 

effect because dietary fiber is known to improve the body's 

assimilation of trace minerals and decrease the absorption 

of cholesterol (Adamu et al., 2017). Crude fiber is crucial 

for preserving the bacterial balance and overall health of 

the hindgut (Cherian, 2020). The digestibility of food is 

increased by a larger fiber intake, although a high intake 

sometimes can irritate the intestines (Hussain et al., 2010). 

The content of carbohydrates was found in the range from 

40.47±1.84 to 54.45±1.44 in the various phenological 

stages of the selected species. The current findings are 

consistent with (Satter et al., 2016) whose reported range 

for the carbohydrate content of wild plants was 52.78-

76.34%). 

The proximate parameters showed both significant 

and non-significant correlation coefficients. We analyzed 

the statistically significant and non-significant data to 

check for any link between these variables. It has been 

found that species with a high moisture content also 

contain a low amount of fat and fiber. A high ash 

concentration also reduces the quantities of fat and 

carbohydrates. Protein and fat content, as well as protein 

and fibers, act as opponents. Additionally, the fiber and 

carbohydrate contents interact negatively. 

Cattle receive health benefits from fodder plants that 

are directly related to their nutritional value. Mineral 

components are essential for animal metabolism and active 

metabolite development. Mineral deficiency causes poor 

growth, delayed development, and abnormalities. Forage 

plants' elemental content directly correlates with 

nutritional value (Khan et al., 2018). According to Onwuka 

(2005), the mineral composition is often evaluated based 

on ash content and this ash content indicates the mineral 

composition that may be the source of any therapeutic 

benefit (Tomescu et al., 2015). Conyza canadensis’s pre-

reproductive and reproductive stages have the highest 

concentrations of N and K, whereas the reproductive stage 

has higher concentrations of Ca and Mg. Hussain et al., 

(2021) evaluated the high concentration of K, Mg and Ca 

in the pre-reproductive stage of the same plant species in a 

related study. This is consistent with the current study's 

conclusion. Magnesium is required for the proper 

functioning of the enzymes involved in the metabolism of 

carbohydrates, while calcium insufficiency has the 

consequences of poor development, delayed growth and 

several malformations (Naqbi et al., 2022). Results for 

macro elements indicated that potassium content was at the 

peak during the post-reproductive stage, while nitrogen, 

magnesium, phosphorus and calcium content was highest 

during the reproductive stage. According to Ahmad et al., 

(2008), there are constant variations in the potassium 

concentration in various plant parts and phenological 

stages. My findings are supported by Khan et al., (2013) 

who investigated that post-reproductive stages had the 

greatest potassium contents. Similarly, the plants had a 

high concentration of phosphorus in the early stages of 

growth, but as they mature, this concentration diminishes 

(Ganskopp & Bohnert, 2003). Samreen et al. (2016) found 

that all pre-reproductive forage species had high 

phosphorus concentrations, which is consistent with the 

current findings. The proximate and mineral contents of 

plants fluctuated during the phenological stage as a result 

of the soil's differing mineral composition, which is 

consistent with the findings of Hussain & Durani (2009) 

and Ahmad et al (2014). In micro-nutrients, the post-

reproductive stage of Daphne mucronata had the highest 

concentration of Fe and Zn while Olea ferruginea's had the 

highest concentration of Cu. Overall, the post-reproductive 

stages of the selected plants showed higher concentrations 

of Na, Zn, Mn, and Cu. In this investigation, the levels of 

Cu, Fe and Zn are within acceptable limits. Cu is a key 

component of an enzyme that incorporates Fe into red 

blood cells and prevents anemia. Cattle with a copper 

deficiency often have anemia and deformed bones. 

Manganese is recognized as an antioxidant nutrient and is 

essential for the metabolism of lipids and cholesterol, while 

zinc, is a component of several metalloenzymes and 

promotes wound healing (Naqbi et al., 2022). The 

variations in mineral content might be attributed to climatic 

and edaphic factors. This is consistent with the findings of 

Khan et al., (2018), who reported fluctuations in mineral 

content caused by environmental factors. The mineral 
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element deficiency affects digestibility and intake, which 

lowers animal productivity (Khan et al., 2013). Changes in 

the composition of macro- and micro-nutrients have a great 

impact on a plant's nutritional value. Hussain & Durrani 

(2008) reported a similar concentration in plants from the 

Harboi rangeland, which is consistent with this finding. 

The research is also strongly supported by the results of 

Khan et al., (2007), Hussain & Durani (2008), Khan et al., 

(2013), Ahmad et al., (2014), Tariq et al., (2015), Ali et al., 

(2018), Khan et al., (2018), Shaheen et al., (2020) and 

Hussain et al., (2021). 

Literature review shows that a wide range of variables, 

including soil type, chemical composition, growing 

conditions and seasonal variations, can affect a plant's 

nutritional value (Abule, 2003). Usually, palatable species 

of leafy plants with a short stem, low leaf table and weak 

leaves are preferred (Meissner, 1997; de Lucena et al., 

2012). They claim that animals allowed to forage freely can 

choose the best species, avoiding dangerous or less 

nutritious ones (Shaheen et al., 2020). They back up this 

claim by comparing the milk yield of cattle fed on fodder 

to that of animals that are allowed to graze freely, as well 

as by stating that when free grazing is unavailable during 

the dry season, animal health and milk yield drastically 

decline (Meissner, 1997; Provenza et al., 2003). 

 

Conclusion 
 

The goal of this study was to determine the proximate 

and elemental composition of the plant during different 

phenological stages that affect herbivores' preferences for 

palatability. The quantitative analysis of the proximate 

parameters such as moisture, ash, crude protein, fats and 

non-fibrous carbohydrates with elemental contestants of 

the six plants were examined in the different phenological 

stages. Olea ferruginea was found to have a significant 

amount of fat and fiber, Alnus nitida had more protein. Ca, 

Mg and K levels were observed to increase as the plants 

became mature. Ca levels were declining in the case of 

Heteropogon contortus, but other nutrients showed more 

variability across all phenological stages. Almost all plants 

had an increase in Fe, Mn, Mg and Ca levels in pre-

reproductive and post-reproductive periods. In the various 

phenological stages, high content of Cu, Fe, Mn, Na, and 

Zn lead to non-palatability, whereas low concentrations of 

these elements combined with high proportions of moisture, 

protein, and carbohydrates promote plant palatability. It 

was concluded that proximate and elemental analysis 

provides accurate feed assessments by comparing feed 

nutrients that are essential for animal health, milk 

production and defence against microbial infections. The 

proximate and mineral profiles of the selected plants were 

found within permissible limits and did not differ from 

those examined in other regions of Pakistan. 
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