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Introduction 

Livestock contributes to food security, nutrition, income and 

crop production through manure and draft power. As of the 

20th Livestock Census, India is home to over 536.76 million 

livestock, with small and marginal farmers owning more than 

70% of these animals, highlighting their crucial role in income 

generation and poverty alleviation (1). Livestock contributes 

30.19 % to agricultural gross value added (GVA) and 5.73 % to 

the national GVA, showing its importance in the Indian agrarian 

economy (2). Animal source foods (ASF), derived from livestock 

such as milk, meat and eggs, are rich in high-quality proteins 

and essential micronutrients, including iron, zinc and vitamins 

A and B12 (3). These are especially vital for vulnerable groups 

and during critical life stages such as pregnancy, early 

childhood and adolescence. Beyond nutrition, livestock is a 

valuable economic asset for rural households, providing steady 

income, employment and social security. It also supports crop 

production by providing manure (an organic fertiliser) and draft 

power. Even households without livestock benefit through 

value chains that involve processing, trade and services (4). 

Feed deficits remain a persistent challenge, with projected 

shortfalls of 12% in dry fodder and 25 % in green fodder by 

2030 (5,6), which can lead to nutritional deficiencies, diseases 

and reduced output. Overfeeding can be equally harmful. 

Providing high-quality feed ensures better performance and 

economic returns in livestock farming (7). 

 Nutritive and balanced feed is essential for livestock 

health, growth and productivity. Animals require specific 

nutrients based on their age, sex and physiological stage. The 

nutritional quality of feed significantly impacts animal 

performance. The nutritional value of feed is assessed based on 

its energy components, such as carbohydrates, fats and 
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Abstract 

Pelleted feeds ensure balanced nutrition, improved digestibility, long-term preservation and enhanced palatability, making them vital for 
livestock during lean seasons. With the growing demand for optimized feed formulations, evaluating complex nutritional data has become 

crucial. However, ranking feed combinations using Multi-Criteria Decision-Making (MCDM) methods remains a significant challenge. This 

study, conducted at Tamil Nadu Agricultural University, Coimbatore, during 2024–2025, assessed 27 fodder pellet combinations using a 

Multi-Criteria Decision Analysis (MCDA) framework that integrated the Analytical Hierarchy Process (AHP) and Technique for Order 
Preference by Similarity to Ideal Solution (TOPSIS). Pellets comprised Bajra Napier hybrid, Guinea grass, Fodder maize and legumes such 

as Lucerne, Desmanthus and Agathi, combined with crop residues from rice, maize and groundnut. Nutritional parameters, including 

crude protein, fibre fractions (ADF, NDF, ADL, cellulose and hemicellulose), crude fat, total ash, palatability and in vitro dry matter 

digestibility, were studied. AHP assigned weights to each parameter, while TOPSIS ranked combinations by closeness to the ideal 
solution. The Bajra Napier Hybrid + Agathi + Groundnut haulms combination had the highest TOPSIS score (0.8808), indicating superior 

nutritional performance. This study validates AHP-TOPSIS as a reliable tool for optimizing fodder pellet formulations. Correlation studies 

showed a negative relationship among various pellet formulations. Guinea grass + Desmanthus + Maize stover exhibited the highest crude 

fibre content (32 %) with moderate digestibility (66 %), indicating greater fibre accumulation. Conversely, Fodder Maize + Agathi + 
Groundnut haulms had a lower crude fibre content (28%) but achieved a digestibility of 64%, making it a favourable choice for improved 

nutrient bioavailability. The findings from this study can guide feed industries and farmers in selecting nutritionally balanced, cost-

effective pellet combinations that contribute to local fodder availability and support sustainable livestock nutrition strategies. 
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proteins and their digestibility, along with protein quality 

(including non-protein nitrogen and its degradability), the 

presence of vitamins and minerals and the dry matter content 

(8). Other factors, such as palatability, storage, safety, effects 

on product quality (meat, milk, eggs) and cost, also influence 

the overall feed value.  

 Livestock production systems are increasingly 
dependent on processed and nutritionally balanced feeds, 

with fodder pellets emerging as a significant component due 

to their ease of handling, storage and reduced wastage (9, 10). 

Selecting an ideal feed combination is challenging due to the 

need to balance multiple quality parameters, such as nutrient 

content, cost, availability, the presence of anti-nutritional 

factors and the impact on product quality. These factors often 

conflict, making it difficult to achieve a mix that is both 

effective and economical for livestock production. Traditional 

evaluation methods often fall short in accounting for the 

complexity of feed performance metrics. Multi-Criteria 

Decision-Making (MCDM) tools, such as the Analytic Hierarchy 

Process (AHP) and Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS), are well-suited for such 

complex evaluations (11). AHP facilitates the systematic 

assignment of weights to decision criteria based on expert 

judgments while in its final stage, TOPSIS ranks alternatives 

by measuring their closeness to the positive ideal solution 

(PIS) and their farthest geometric distance from the negative 

ideal solution (NIS) (12). 

 While the TOPSIS method has been widely applied in 

various domains of agriculture and livestock decision-

making, including breed selection and resource prioritisation 

(13-15), its application in evaluating and ranking cattle feed or 

fodder pellet formulations remains largely unexplored. This 

study addresses this research gap by employing a modified 

TOPSIS approach to systematically assess multiple feed 

formulations based on nutritional and economic parameters. 

This study integrates AHP and modified TOPSIS to evaluate 

and rank 27 fodder pellet combinations derived from three 

primary fodder sources. The objective of this study is to 

identify the most nutritionally suitable formulations for 

enhancing livestock productivity. Dietary fibre plays a crucial 

role in digestion and nutrient bioavailability, affecting feed 

efficiency in ruminants. Studies indicate that fibre 

composition influences digestibility, with higher lignin 

content reducing nutrient absorption (16). The structure of 

fibre-rich diets modulates carbohydrate digestion, altering 

microbial activity in the rumen and impacting energy 

metabolism (17). Additionally, the physical form and particle 

size of fibre significantly affect rumen degradation rates and 

dry matter intake (DMI) (18). Finer fibre particles enhance 

microbial fermentation, whereas coarse, lignin-rich fibres 

lower digestion efficiency. These findings are particularly 

relevant in evaluating fodder pellet formulations, as 

balancing fibre composition and particle size can optimise 

digestibility and enhance feed utilisation in livestock 

nutrition. This study examines the correlation between crude 

fibre and digestibility in various pellet combinations to 

improve feed efficiency. 

 

Materials and Methods 

The experimental study was conducted during the year 2024-

2025 at Tamil Nadu Agricultural University, Coimbatore, India. 

The objective of the study was to standardise fodder 

combinations and develop balanced nutritive fodder pellets for 

milch animals and to evaluate and rank the different pellet 

combinations based on various quality parameters. 

Pellet treatments 

A total of 27 fodder pellet treatments were formulated by 

combining three primary fodder bases, Bajra Napier 

(Pennisetum purpureum × Pennisetum glaucum), Guinea Grass 

(Panicum maximum) and Fodder Maize (Zea mays) with legume 

sources including Lucerne (Medicago sativa), Desmanthus 

(Desmanthus virgatus) and Agathi (Sesbania grandiflora), along 

with dry crop residues such as rice straw, maize stover and 

groundnut haulms. Each fodder base was used to create nine 

distinct treatment combinations (Table 1) in a ratio of 60:30:10 

of grass/cereal fodders, legume/tree fodders and crop residues, 

respectively, with three replications. The fodder crops were 

harvested, dried under a solar dryer and pulverised to make 

pellets using a pellet die mill.  

Quality parameters  

Crude protein content was determined by the Kjeldahl method 

as outlined by (19). A 0.5 g ground sample was digested with 

concentrated sulfuric acid, assisted by a catalyst mixture 

(potassium sulfate and copper sulfate), until a clear solution 

was achieved. The digested sample was then distilled using 40 

% sodium hydroxide and the ammonia released was absorbed 

using boric acid solution with mixed indicators. The ammonia 

Bajra napier hybrid-based pellet combinations 

T1 Bajra Napier hybrid grass+ Lucerne+ Rice straw 

T2 Bajra Napier hybrid grass+ Lucerne + Groundnut haulms 

T3 Bajra Napier hybrid grass + Lucerne + Maize stover 

T4 Bajra Napier hybrid grass + Desmanthus + Rice straw 

T5 
Bajra Napier hybrid grass + Desmanthus + Groundnut 

haulms 

T6 Bajra Napier hybrid grass + Desmanthus + Maize stover 

T7 Bajra Napier hybrid grass + Agathi + Rice straw 

T8 Bajra Napier hybrid grass + Agathi + Groundnut haulms 

T9 Bajra Napier hybrid grass + Agathi + Maize stover 

Guinea grass-based pellet combinations 

T10 Guinea grass + Lucerne+ Rice straw 

T11 Guinea grass + Lucerne + Groundnut haulms 

T12 Guinea grass + Lucerne + Maize stover 

T13 Guinea grass + Desmanthus + Rice straw 

T14 Guinea grass + Desmanthus + Groundnut haulms 

T15 Guinea grass + Desmanthus + Maize stover 

T16 Guinea grass + Agathi + Rice straw 

T17 Guinea grass + Agathi + Groundnut haulms 

T18 Guinea grass + Agathi + Maize stover 

Fodder maize -based pellet combinations 

T19 Fodder maize + Lucerne+ Rice straw 

T20 Fodder maize + Lucerne + Groundnut haulms 

T21 Fodder maize + Lucerne + Maize stover 

T22 Fodder maize + Desmanthus + Rice straw 

T23 Fodder maize + Desmanthus + Groundnut haulms 

T24 Fodder maize + Desmanthus + Maize stover 

T25 Fodder maize + Agathi + Rice straw 

T26 Fodder maize + Agathi + Groundnut haulms 

T27 Fodder maize + Agathi + Maize stover 

Table 1. Fodder pellet treatment details 
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trapped was then titrated using standard 0.1 N hydrochloric 

acid and nitrogen content was calculated. Crude protein ( %) 

was obtained by multiplying the value of nitrogen by 

conversion factor 6.25.  

 Crude fibre was analyzed by a gravimetric procedure 

using sequential digestion of 1 g sample with 1.25 % sulfuric 

acid and 1.25 % sodium hydroxide. The residue was filtered, 

dried, weighed and then ashed in a muffle furnace at 550°C. 

Difference in weight before and after ashing was taken as crude 

fibre.  Fibre fractions such as Neutral Detergent Fibre (NDF), 

Acid Detergent Fibre (ADF) and Acid Detergent Lignin (ADL) 

were analyzed using the Van Soest sequential fibre analysis 

technique (20). For NDF, the sample was refluxed for 1 hour 

with neutral detergent solution (sodium lauryl sulfate and 

EDTA). The residue was filtered, dried and weighed. For ADF, an 

identical procedure was adopted employing acid detergent 

solution (sulfuric acid containing Cetyl Trimethyl Ammonium 

Bromide). ADL was assessed after treating the residue of ADF 

with 72% sulfuric acid for 3 hours, then filtering and weighing. 

Cellulose content was calculated as the difference between 

ADF and ADL. Hemicellulose content was derived by 

subtracting ADF ( %) from NDF ( %). 

Cellulose ( %)   = Residue from ADF- Acid fraction                (Eqn. 1) 

Hemicellulose (%)  = NDF ( %) - ADF ( %)                                    (Eqn. 2)  

These values were included as nutritional parameters for the 
multi-criteria ranking of the pellet formulations. In vitro dry 

matter digestibility was assessed using the rumen simulation 

technique (TANUVAS - RUSITECH) (21). Palatability evaluation 

was conducted by conducting a feed preference trial. After a 10

-day adaptation period, 1 kg of each treatment pellet was 

offered to the animals in the morning for 10 min. The quantity 

consumed was measured and palatability was expressed as a 

percentage of intake. 

Modified TOPSIS Method  

The Technique for Order Preference by Similarity to Ideal 

Solution (TOPSIS) was employed, using AHP-derived weights, 

to rank the 27 treatments (22). Fig. 1 illustrates the steps 

involved in the analysis.  

 The Analytic Hierarchy Process was employed to assign 

weights to nine evaluation criteria through expert-based 

pairwise comparisons using the Saaty scale, ranging from               

1 to  9 (23).  

Methodology overview: AHP-TOPSIS-based ranking of 

fodder pellet treatments 

A total of 27 fodder pellet formulations were evaluated using a 

Multi-Criteria Decision-Making (MCDM) approach combining 

the Analytic Hierarchy Process (AHP) and Technique for Order 

of Preference by Similarity to Ideal Solution (TOPSIS). This 

integrated approach enabled objective ranking based on 

multiple quality, nutritional and economic parameters. 

Step 1: Development of the decision matrix 

A decision matrix was constructed, incorporating the 27 

treatments as alternatives and the selected evaluation 

parameters (palatability, nutrient content, digestibility) as 

criteria. 

Step 2: Normalization of the decision matrix 

To eliminate scale disparities among criteria, the matrix was 

normalised using the vector normalisation technique. This 

transformation ensures comparability of all parameter values 

across treatments. 

Step 3: Weight determination using AHp 

Criteria weights were determined through the AHP method, 
involving pairwise comparison matrices and consistency ratio 

checks. The final normalized weights reflected the relative 

importance of each criterion, derived from expert judgement. 

Step 4: Construction of the weighted normalized decision matrix 

The normalized matrix was multiplied by the AHP-derived 
weights to obtain the weighted normalized decision matrix. 

This step integrates both performance and importance of 

each criterion. 

Step 5: Identification of ideal and negative-ideal solutions 

The positive ideal solution (PIS) and negative ideal solution 

(NIS) were identified by selecting the maximum and 

minimum values for each criterion from the weighted matrix, 

respectively. PIS represents the best achievable performance, 

while NIS represents the least desirable. Beneficial attributes 

includes (crude protein, digestibility, palatability) where 

higher values are preferred and non-beneficial attributes 

(crude fibre, ADF, NDF, ADL, cellulose and hemicellulose), 

where lower values are preferred.  

 

 

 

Fig. 1. Steps in modified TOPSIS analysis 
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For beneficial criteria: rij = xij / √ (∑ xij²)                                            (Eqn. 3) 

For non- beneficial criteria: rij = (1 / xij) / √ (∑ (1 / xij) ²)           (Eqn. 4) 

Step 6: Calculation of euclidean distances 

The Euclidean distances of each alternative from the PIS and 

NIS were computed. These distances represent how close or far 

a treatment is from the optimal and least optimal scenarios. 

Step 7: Calculation of closeness coefficients 

Closeness coefficients (CCi) were computed for each treatment 

using the formula: 

CCi = Di- / (Di+ + Di
-
 )                                                                                                                                                         (Eqn. 5) 

Where Di
+ and Di

- denotes distances from the positive and 

negative ideal solutions, respectively. 

Step 8: Ranking of treatments 

Treatments were ranked based on their closeness coefficients, 
with higher CCi values indicating better overall performance in 

meeting the desired criteria. 

Sensitivity analysis  

A sensitivity analysis was conducted by varying the AHP 

weights of individual units by ± 10 % in several scenarios, while 

maintaining the total sum of weights equal to 1. The changes in 

the rankings of treatments were subtle, with top-ranked 

combinations being identical in all cases, validating the 

robustness and stability of the new TOPSIS-AHP model. 

Statistical analysis   

Experimental data were analysed using R software (version 

4.4.3) and the agricolae package (24). This yielded least squares 

means (LS Means) for each treatment, which were then used in 

the TOPSIS (version 1.0) package to rank alternatives based on 

their closeness to an ideal solution using multiple criteria. In 

this study, several R packages were utilized to support data 

processing and visualization. The package ahpsurvey (v.0.4.1) 

calculates weights and checks consistency from AHP pairwise 

comparisons. dplyr (v. 1.1.4) simplifies data manipulation with 

functions for filtering, selecting and summarizing data. tidyr 

(v.1.3.1) helps reshape and clean data by tidying it into a 

consistent format. The readxl (v.1.4.5) package was employed 

to import data from Excel files, while tibble (v.3.2.1) facilitated 

efficient and user-friendly data manipulation. For the graphical 

representation of results, ggplot2 (version 3.5.2) was used to 

create clear and customizable plots. Additionally, the ggcorrel 

(v.0.1.4.1) package was used to explore and visualize the 

correlation structure among variables. 

 

Results and Discussion 

The ranking of 27 different fodder pellet formulations was 
carried out using a modified Technique for Order Preference by 

Similarity to Ideal Solution (TOPSIS) analysis, incorporating 

weights derived from the Analytical Hierarchy Process (AHP). 

This approach provided a robust multi-criteria evaluation 

based on key nutritional parameters, with the TOPSIS score 

representing the closeness of each treatment to an ideal 

solution (Fig. 2). 

 Among all 27 treatments, the Bajra Napier hybrid grass 

+ Agathi + Groundnut haulms formulation recorded the highest 

TOPSIS score of 0.8808, making it the top-ranked treatment. It 

was closely followed by Guinea grass + Agathi + Groundnut 

haulms and Fodder Maize + Desmanthus + Maize stover with 

scores of 0.8558 and 0.8026, respectively. On the other hand, 

Guinea grass + Lucerne + Rice straw and Bajra Napier hybrid 

grass + Lucerne + Rice straw) recorded the lowest scores of 

0.0886 and 0.1701, ranking 27th and 26th, respectively. A clear 

trend was observed wherein treatments containing Groundnut 

haulms and Agathi consistently ranked higher, whereas those 

with Rice straw tended to rank lower. 

 The positive performance of Agathi and Groundnut 
haulms can be attributed to their high protein content, 

digestibility and overall nutritional richness, as supported by 

earlier findings (25-27). In contrast, the inclusion of Rice straw, 

 

Fig. 2. TOPSIS scores and ranking of fodder pellet combinations 

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

which is high in lignin, silica and oxalic acid, appears to detract 

from nutritional value and palatability (28-31). The analysis also 

highlighted the influence of the primary grass component. While 

the Bajra Napier hybrid performed well in combinations with 

nutrient-rich supplements (32), Fodder Maize-based pellets, such 

as T24 and T20 (Fodder Maize + Lucerne + Groundnut haulms), also 

ranked highly, emphasising its utility as a versatile and effective 

base fodder (33). 

 The use of a modified TOPSIS method, supported by AHP

-derived weights, allowed for an objective and structured 

assessment of each formulation. By integrating expert judgment 

into the evaluation process, the model offers a practical decision-

support tool for selecting nutritionally superior fodder pellets. 

Fig. 2 provides a visual representation of the ranking, aiding in 

intuitive comparison and selection.  

 The AHP-TOPSIS hybrid model efficiently ranked fodder 

pellet treatments based on multiple quality parameters by 

integrating AHP-derived criteria weights with TOPSIS ranking. 

The model enabled objective evaluation through a structured 9 × 

9 comparison matrix and closeness coefficient scores (CCi), 

clearly distinguishing high-performing formulations. Its ability to 

handle complex data makes it a reliable tool for optimising 

fodder pellet quality in both research and practical applications 

and also guides future feed development strategies for livestock 

nutritional needs, resource availability and production efficiency. 

Correlation analysis of crude fibre and digestibility in different 

fodder pellet combinations 

A correlation study was conducted to analyse the relationship 

between crude fibre (%) and digestibility (%) across 27 different 

fodders combinations (Table 2), using R software. The 

calculated correlation coefficient (r) was -0.43, indicating a 

moderate negative correlation. This is visually represented in 

the scatter plot (Fig. 3), which includes a fitted regression line 

and 95 % confidence band. The scatter plot with a trend line 

demonstrated a negative correlation between crude fibre and 

digestibility, indicating that higher crude fibre content is 

generally associated with lower digestibility.  

 

 Guinea grass + Desmanthus + Rice straw exhibited 

elevated crude fibre (32.85 %) but showed a lower digestibility 

(49.32 %), implying that this pellet combination increases fibre 

content, it does not enhance digestibility. Similarly, Guinea 

grass + Desmanthus + Maize stover recorded the highest crude 

fibre content (33.32 %) while maintaining moderate 

digestibility (55.46 %), suggesting that this combination 

supports higher fibre accumulation. Fodder Maize + Agathi + 

Groundnut haulms demonstrated lower crude fibre (28.55 %) 

while achieving a digestibility of approximately 66.71 %, 

making it a promising option for enhancing nutrient 

bioavailability. Treatments containing Lucerne (T1, T2, T3) and 

Agathi (T7, T8, T9) generally exhibited a balance between fibre 

and digestibility, supporting moderate digestion rates.  

 

Treatments  Digestibility ( %)  Crude fibre  
T1 60.32 30.95 
T2 65.73 30.80 
T3 66.12 31.40 
T4 56.40 31.20 
T5 66.54 31.05 
T6 62.47 31.65 
T7 56.78 30.90 
T8 67.45 30.75 
T9 62.15 31.35 
T10 52.50 32.58 
T11 60.18 32.40 
T12 58.56 33.05 
T13 49.32 32.85 
T14 58.66 32.67 
T15 55.46 33.32 
T16 57.45 32.50 
T17 62.44 32.33 
T18 60.34 32.98 
T19 55.83 28.75 
120 63.45 28.60 
121 61.76 29.20 
T22 52.13 28.95 
T23 60.21 28.80 
T24 58.22 29.40 
T25 57.46 28.70 
T26 66.71 28.55 
T27 64.74 29.15 
SEd 3.307 1.812 
CD (P=0.05)  NS NS 

Fig. 3. Correlation analysis between digestibility and crude fibre 

Table 2. Effect of different fodder pellet combinations on the                  
digestibility  and crude fibre 
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 Maize stover is known to contain high levels of neutral 

detergent fibre (NDF) and acid detergent fibre (ADF), which 

contribute to its crude fibre content. However, it has a relatively 

lower lignin content compared to rice straw, making it more 

digestible (34). Research indicates that maize stover has better 

rumen microbial utilization due to its cellulose-to-lignin ratio, 

allowing for higher digestibility (35).  Rice straw typically 

contains higher levels of lignin and silica, which significantly 

reduce its digestibility. This explains why T13 showed 

significantly lower digestibility (63 %) despite having similar 

crude fibre content (36). Rice straw has lower crude protein and 

energy content (37), making it less efficient for livestock 

nutrition compared to maize stover. Due to its high lignin and 

silica content, rice straw is less fermentable, leading to reduced 

nutrient absorption (38).  

 

Conclusion 

This research employed a modified AHP-TOPSIS framework to 

rank 27 combinations of fodder pellets. The integrated MCDM 

approach provides a powerful tool for feed scientists and 

livestock producers in identifying optimal feed formulations. 

These findings suggest that the strategic inclusion of nutrient-

rich and digestible components, such as Groundnut haulms 

and Agathi, significantly enhances the overall quality and 

ranking of fodder pellets, making them more suitable for 

sustainable livestock feeding systems. The correlation studies 

in fodder combinations incorporating Guinea grass + 

Desmanthus + Rice straw favour increased crude fibre content, 

whereas Fodder Maize + Agathi + Groundnut haulms enhance 

digestibility. This correlation highlights the importance of 

selecting optimal fodder combinations to achieve a balance 

between fibre content and digestibility in livestock nutrition. 

Future research may incorporate the value addition of fodder 

pellets with additives such as concentrates, yeast sludge, or 

molasses and evaluate the quality and mineral nutrients in 

pelleted feeds. Animal trials can then be conducted to validate 

the nutritional efficacy and digestibility of the formulated 

fodder under practical feeding conditions.  
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