
ORIENTAL JOURNAL OF CHEMISTRY

www.orientjchem.org

An International Open Access, Peer Reviewed Research Journal

ISSN: 0970-020 X
CODEN: OJCHEG

2025, Vol. 41, No.(1): 
Pg. 201-208

This is an   	   Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).

Published by Oriental Scientific Publishing Company © 2018

Application of Zagreb Index Models in Predicting the 
Physicochemical Properties of Unsaturated Fatty acids

PRANAVI JAINA, K. ANIL KUMAR and J. VIJAYASEKHAR*

Department of Mathematics, GITAM (Deemed to be University), Hyderabad, India.
*Correponding author E-mail: vijayjaliparthi@gmail.com

http://dx.doi.org/10.13005/ojc/410124

(Received: November 01, 2024; Accepted: January 30, 2025)

ABSTRACT

	 This paper develops models of the Zagreb index suitable for unsaturated fatty acids, which 
are crucial in performing metabolic functions in all living organisms. An algorithm-based methodology 
was brought into practice to optimize computation and data processing. Degree-based topological 
indices derived from the M-polynomial were computed using SPSS. Using linear regression analysis, 
the study proved that these indices are relevant to some physical properties of unsaturated fatty acids. 
The QSPR (Quantitative Structure-Property Relationship) models were developed to measure the 
efficiency of the models, making a correlation with four physical properties (LogP, Enthalpy, Molar 
Refractivity and Polarizability) and the indices. Right from the analyzed data, several multivariate 
linear regression models were built to find possible significant effects. It was concluded that the 
computed feature values adequately predict these physical properties' values, with the features' 
estimates showing great concentration on the observed values. Thus, the estimates regrettably 
relied on these values.

Keywords: Chemical graph theory, Unsaturated fatty acids, Zagreb index, Quantitative 
Structure-Activity Relationship, Quantitative Structure-Property Relationship. 

INTRODUCTION

	 One of the critical areas of mathematics 
is graph theory, whose primary purpose is to study 
the relations, and the structures of graphs made 
of vertices (or nodes) and edges, representing the 
links between the elements in a set. Graph theory 
began in the 18th century in connection with the 
formulation and solution of mathematical problems 
and has now become a vital area of research with 
innumerable application areas in the sciences. Graph 
theory's relevance and significance are quite broad, 

particularly in the areas of chemistry, social sciences, 
and information technology1,2,3.

	 Chemical Graph Theory (CGT) lies in the 
conjunction zone of graph theory and chemistry 
and allows a deep analysis of the atomic structure 
of chemical compounds4. In CGT, molecules are 
depicted as graphs whose vertices represent the 
atoms, and the edges represent the chemical 
bonds. This makes it possible for chemists to 
numerically study the chemical properties of 
chemical substances using mathematical graphs 
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and computer methods5,6. This directional growth 
of the scientific fields has been tremendous, and 
the alternative solutions generated in the growth of 
this science have stimulated the exploration of the 
structures of the molecules7.

	 As one of the cornerstones of CGT, 
chemical indexes are mathematical tools that link 
molecular graphs of structures with associated 
properties. Such indices help interpret chemical 
properties from a graphical perspective8. Applying 
CGT to real-world chemical problems also 
emphasizes the revolutionary aspect of this 
approach. In the system that explains chemical 
structures using graphs, CGT provides more 
information about molecular architecture and 
reactivity and fur ther relates the chemical 
behaviour of a substance to its structure. As 
integrated with chemistry, mathematics is an 
exciting and valuable tool for reasoning about the 
properties of chemical compounds.

	 Graph-based representations of chemical 
structures are essential in information retrieval, 
search algorithms and prediction of physicochemical 
properties in cheminformatics. This can be seen 
most clearly in Quantitative Structure-Activity 
Relationships (QSAR), Quantitative Structure-
Proper ty Relationships (QSPR) and vir tual 
screening methods9,10, which all assume that the 
structure of a compound can determine its physical 
and chemical properties. These models use 
topological descriptors and molecular fingerprints 
based on graphs, which underlines their relevance 
to chemical sciences and the comprehension of 
molecules' behaviour.

	 Regarding the intersection of graph 
theory and chemistry, their relationship has 
existed since the former was employed to solve 
problems regarding the classification of isomers11. 
The development of topological indices, such 
as the Wiener index, has further strengthened 
this connection by providing a quantitative 
measure of molecular topology related to several 
physicochemical properties. New topological 
indices have now been proposed, which show 
new possibilities for the representation and 
analysis of complicated molecular substances12,13. 
It is inescapable that graph theory and chemistry 

are progressing together, and there is an ever-
increasing scope of their interrelations; it is 
sufficient to say that in the study of molecular 
phenomena, graph theory is and will be of great 
importance14,15.

	 The Zagreb indices are calculated 
for a set of unsaturated fatty acids, namely 
Myristoleic acid, Palmitoleic acid, Sapienic acid, 
Oleic acid, Elaidic acid, Vaccenic acid, Gadoleic 
acid, Eicosenic acid, and Erucic acid16,17,18,19. 
These unsaturated fatty acids are necessary for 
various metabolic and physiological activities20. 
This study aims to determine how the bond 
distance and the number of branches interact 
and correlate to the various metabolic functions 
of the molecules in question. In addition, the study 
of geometric properties of these commercially 
available fatty acids21 serves transformational 
goals in explaining how structures of molecules 
influence energy metabolism. These insights 
shed more light on the metabolism of fatty acids 
and demonstrate graph theory as a spanner 
in solving scientific problems and fostering 
interdisciplinary study development22.

Methodology 
	 This study aims at the investigation of 
degree-based Zagreb indices such as First Zagreb 
Index (M1)

23, Second Zagreb Index (M2), First Hyper 
Zagreb Index (HM1)

23 and Second Hyper Zagreb 
Index (HM2) as well as their relationships with 
the properties of certain unsaturated acids. The 
degree-based variants of these indices provide for 
an elaborated consideration of the complexity of the 
molecular architecture.

The indices are computed as follows:

           	 (1)

           	    (2)

            	  (3)

            	      (4)

	 Here, G denotes the collection of edges in 
the graph G and du and dn represent the degrees of 
the vertices u and n, respectively.
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	 While calculating and determining these 
indices, the following steps were followed:

1.	 Selection of Unsaturated Fatty Acids: 
The fatty acids that were selected for the 
analysis included Myristoleic acid, Palmitoleic 
acid, Sapienic acid, Oleic acid, Elaidic acid, 
Vaccenic acid, Gadoleic acid, Eicosenoic acid 
and Erucic acid18,19.

2.	 Graph Representation: The molecular 
structure of these fatty acids was represented 
by graphs where atoms are a vertex in the 
graphs and the bonds are the edges.

3.	 Computation of Indices: The selected 
Zagreb indices were calculated using the 
SPSS software. The indices were computed 
from the degree sequences of the molecular 
graphs.

4.	 Physicochemical Properties: The four 
physicochemical properties selected for 
correlation analysis were-LogP, Enthalpy, 
Molar Refraction and Polarizability20.

5.	 Linear Regression Analysis:  The 
relationship between the computed Zagreb 
indices and the selected physicochemical 
properties was studied based on linear 
regression. Both intercept and slope 95% 
of the significance level were calculated for 
confidence interval to test the validity of the 
models.

6.	 QSPR Model Construction:  QSPR 
models were established to determine the 
relationship between the Zagreb indices and 
the structural characteristics of unsaturated 
fatty acids.8,10

	 Thus, employing such methods, the 
study seeks to appreciate the effectiveness of 
degree-based Zagreb indices in indicating the 
physicochemical characteristics of unsaturated fatty 
acids and, thus, their metabolism and physiological 
functions. This approach underlines the usefulness 
of graph theory in chemical research and its capacity 
to solve intricate problems in science.

RESULTS AND DISCUSSIONS

	 The paper begins by introducing the 

concept of Zagreb indices and their application 
to predicting the physicochemical properties 
of unsaturated fatty acids. Fig. 1 showcases 
the molecular structures of the studied fatty 
acids, providing a visual representation of their 
topological features. Following this, Table 1 
presents the degree-based edge partitioning and 
M-polynomials for each fatty acid, highlighting 
the number of atoms, bonds, and key polynomial 
expressions.

	 Table 2 lists the physicochemical properties, 
including enthalpy, polarization, LogP, and molar 
volume, which are essential for understanding 
the relationships between molecular structure 
and properties. These properties form the basis 
for correlation analysis with the computed Zagreb 
indices.

	 Table 3 provides the calculated values 
for the 1st and 2nd Zagreb indices, as well as 
their hyper variants, which quantify the structural 
complexity and branching of the fatty acids. The 
correlation coefficients between these indices and 
the physicochemical properties are presented in  
Table 4, demonstrating strong predictive relationships, 
especially for properties like polarization, LogP, and 
molar volume.

	 The statistical properties of the regression 
models, such as constants, slopes, correlation 
coefficients, and significance levels, are detailed 
in Tables 5 through 8. These tables highlight the 
predictive accuracy of the models and underscore 
the statistical significance of the relationships.  
Table 9 summarizes the standard error of estimates 
for the physical properties, further validating the 
QSPR models.

	 The visual correlation between physical 
properties and Zagreb indices is illustrated in Fig. 2, 
while Fig. 3 graphically represents the relationships 
between the indices and properties like enthalpy 
and molar volume. This cohesive flow of data and 
visualizations reinforces the study’s conclusion 
that Zagreb indices are highly effective in modeling 
and predicting the physicochemical properties of 
unsaturated fatty acids.
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Fig. 1. Chemical Structures of Unsaturated Fatty Acids

Table 1: Degree-Based Edge Partitioning of Unsaturated Fatty acids and Their 
M-Polynomials

	 Compounds	 Atoms	 Bonds	 d1,2	 d2,2	 d2,3	 d3,1	 M(G;x,y)

	Myristoleic acid	 16	 15	 1	 11	 1	 2	 xy2+11x2y2+x2y3+2x3y
	Palmitoleic acid	 18	 17	 1	 13	 1	 2	 xy2+13x2y2+x2y3+2x3y
	Sapienic acid	 18	 17	 1	 13	 1	 2	 xy2+13x2y2+x2y3+2x3y
	 Oleic acid	 20	 19	 1	 15	 1	 2	 xy2+15x2y2+x2y3+2x3y
	 Elaidic acid	 20	 19	 1	 15	 1	 2	 xy2+15x2y2+x2y3+2x3y
	Vaccenic acid	 20	 19	 1	 15	 1	 2	 xy2+15x2y2+x2y3+2x3y
	Gadoleic acid	 22	 21	 1	 17	 1	 2	 xy2+17x2y2+x2y3+2x3y
	Eicosenic acid	 22	 21	 1	 17	 1	 2	 xy2+17x2y2+x2y3+2x3y
	 Erucic acid	 24	 23	 1	 19	 1	 2	 xy2+19x2y2+x2y3+2x3y

Table 2: Physicochemical Properties of Unsaturated Fatty acids

	Unsaturated fatty acid	 Enthalpy	 Polarization	 LogP	 Molar volume

	Myristoleic acid	 64.0	 27.2	 5.57	 247.9
	Palmitoleic acid	 67.0	 30.8	 6.64	 280.9
	 Sapienic acid	 67.7	 30.8	 6.70	 280.9
	 Oleic acid	 66.5	 34.5	 7.70	 313.9
	 Elaidic acid	 66.5	 34.5	 7.70	 313.9
	 Vaccenic acid	 71.2	 34.5	 7.70	 313.9
	 Gadoleic acid	 71.8	 38.2	 8.76	 346.9
	 Eicosenic acid	 74.7	 38.2	 8.76	 346.9
	 Euric acid	 69.7	 41.9	 9.82	 379.9

Table 3: Topological Indices of Unsaturated Fatty acids

	 Acids	 1st Zagreb	 2nd Zagreb	 1st hyper Zagreb	 2nd hyper Zagreb

	Myristoleic acid	 60	 58	 3600	 3364
	Palmitoleic acid	 68	 66	 4624	 4356
	 Sapienic acid	 68	 66	 4624	 4356
	 Oleic aid	 76	 74	 5776	 5476
	 Elaidic acid	 76	 74	 5776	 5476
	 Vaccenic acid	 76	 74	 5776	 5476
	 Gadoleic acid	 84	 82	 7056	 6724
	Eicosenic acid	 84	 82	 7056	 6724
	 Euric acid	 92	 90	 8464	 8100
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	 We considered the linear regression model, 
P = αi (TI)+ γ, to obtain the best relationship between 
the topological indices and the physicochemical 
properties of unsaturated fatty acids. Here, P is the 
physical property, and TI is the topological descriptor. 
γ and αi denote the constant and the coefficients, 

	 1st Zagreb	 2nd Zagreb

	 Enthalpy=0.2417(M1)+50.42	 Enthalpy=0.2417(M2)+50.91
	 Polarization=0.4604(M1)-0.4806	 Polarization=0.4604(M2)+0.4403
	 LogP=0.1321(M1)-2.333	 LogP=0.1321(M2)-2.069
	 Molar Volume=4.125(M1)+0.4000	 Molar Volume=4.125(M2)+8.650

	 1st Hyper Zagreb	 2nd Hyper Zagreb

	 Enthalpy=0.001549(HM1)+59.71	 Enthalpy=0.001589(HM2)+59.95
	Polarization=0.003016(HM1)+16.83	 Polarization=0.003097(HM2)+17.29
	 LogP=0.0008648(HM1)+2.637	 LogP=0.0008880(HM2)+2.767
	Molar Volume=0.02701(HM1)+155.6	 Molar Volume=0.02774(HM2)+159.6

respectively24. Using the data from Table 2 for the 
properties and Table 3 for the proposed indices after 
fitting and analysing the linear regression model 
defined by this equation for the physicochemical 
properties, the following key observations were made 
regarding the linear regression models.

Table 4: Correlation Coefficients of Physical Properties

	Topological Index	 Correlation Coefficient	 Correlation Coefficient	 Correlation Coefficient	 Correlation Coefficient
		  of Enthalpy	 of Polarization	 of LogP	 of Molar Volume

	 1st Zagreb	 0.712117	 0.999983	 0.99987729	 1
	 2nd Zagreb	 0.712117	 0.999983	 0.999877	 1
	1st hyper Zagreb	 0.69522	 0.997999	 0.997384	 0.9977
	2nd hyper Zagreb	 0.69472	 0.997882	 0.997253	 0.997574

Fig. 2. Correlation between physical properties of drugs and topological indices
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Fig. 3. Graph of properties with topological indices

Table 5: Statistical Properties for 1st Zagreb

	Physical Property	 N	 A	 B	 r	 r2	 F	 Indicator

	 Enthalpy	 9	 50.42	 0.2417	 0.7121	 0.5071	 7.201957	 Significant*
	 Polarization	 9	 - 0.4806	 0.4604	 0.99998	 0.99996	 205132.2	 Significant**
	 LogP	 9	 - 2.333	 0.1321	 0.9999	 0.9998	 28517.15	 Significant**
	 Molar volume	 9	 0.4000	 4.125	 1	 1	 8.63E+31	 Significant**

*Significant at 5% level and ** Significant at 1% level

	 Table 6: Statistical Properties for 2nd Zagreb

	Physical property	 N	 A	 B	 r	 r2	 F	 Indicator

	 Enthalpy	 9	 50.91	 0.2417	 0.7121	 0.5071	 7.201957	 Significant*
	 Polarization	 9	 0.4403	 0.4604	 0.9999	 0.9998	 205132.2	 Significant**
	 LogP	 9	 - 2.069	 0.1321	 0.9998	 0.9996	 28517.15	 Significant**
	 Molar volume	 9	 8.650	 4.125	 1	 1	 8.63E+31	 Significant**

Table 7: Statistical Parameters for 1st hyper Zagreb

	Physical properties	 N	 A	 B	 r	 r2	 F	 Indicator

	 Enthalpy	 9	 59.71	 0.001549	 0.6952	 0.4833	 6.5483	 Significant*
	 Polarization	 9	 16.83	 0.003016	 0.9979	 0.9958	 1744.172	 Significant**
	 LogP	 9	 2.637	 0.0008648	 0.9973	 0.9946	 1332.621	 Significant**
	 Molar volume	 9	 155.6	 0.02701	 0.9977	 0.9954	 1516.2	 Significant**

Table 8: Statistical Parameters for 2nd hyper Zagreb

	Physical property	 N	 A	 B	 r	 r2	 F	 Indicator

	 Enthalpy	 9	 59.95	 0.001589	 0.6947	 0.4826	 6.530136	 Significant*
	 Polarization	 9	 17.29	 0.003097	 0.9978	 0.9957	 1647.481	 Significant**
	 LogP	 9	 2.767	 0.0008880	 0.9972	 0.9945	 1268.938	 Significant**
	 Molar volume	 9	 159.6	 0.02774	 0.9975	 0.9951	 1437.45	 Significant**

Table 9: Standard Error of Estimate

	Topologicalindex	 Enthalpy	 Polarization	 LogP	 Molar Volume

	 M1(G)	 1.834553	 5.174959	 8.197032	 28.78828
	 M2(G)	 1.737965	 4.952859	 7.965724	 29.01788
	 HM1(G)	 721.831	 725.6528	 728.6427	 694.6043
	 HM2(G)	 686.4214	 690.2323	 693.2138	 659.281466

*Significant at 5% level and **Significant at 1% level
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CONCLUSION

	 Th is  work  in t roduces  s ign i f i can t 
improvements related to Zagreb descriptors and 
their combinations, which better approximate the 
physicochemical properties of unsaturated fatty acids. 
The results demonstrate the substantial performance 
enhancement of the newly defined hybrid descriptors 
over the classical indices. This advancement 
significantly expands the scope of utilization of 
topological indices in the modelling of QSPR.

	 Our QSPR models, based on linear 
regression, successfully predicted the values of 
interest, particularly properties like polarization, 
LogP, and molar volume. However, the correlation 
of the models with the enthalpies of formation 
in the gas phase was not as successful , 
underscoring the need for further refinements in 
QSPR models. This ongoing research is crucial 
to address the complexities associated with 
various aspects related to enthalpy prediction 

for unsaturated fatty acids.

	 Regardless, our resul ts provide a 
promising platform for future systematic work to 
overcome these challenges. With improved QSPR 
models, we can expect enhanced predictions of 
enthalpy and other physicochemical properties. 
These advancements will significantly boost the 
scientific community's ability to study and predict 
the properties of unsaturated fatty acids, potentially 
revolutionizing fields such as biochemistry, drug 
development, and nutrition science.

Acknowledgment

	 This research did not receive any specific 
grant from funding agencies in the public, commercial, 
or not-for-profit sectors.

Conflict of interest
	 The author declare that we have no conflict 
of interest.

REFERENCES
1.	 Lin, Z.; Zhou, T. “Degree-weighted Wiener 

index of a graph,” Math. Model. Control., 2024, 
4(1), 9–16. doi: 10.3934/mmc.2024002.

2.	 Ghebleh, M.; Kanso, A. “On the Second-Order 
Wiener Ratios of Iterated Line Graphs,” 2024.

3.	 Pal, M.; Samanta, S.; Ghorai, G., Modern 
Trends in Fuzzy Graph Theory., 2020, 1–311. 
doi: 10.1007/978-981-15-8803-7.

4.	 Trinajstic, N., Chemical Graph Theory., 2018. 
doi: 10.1201/9781315139111.

5.	 Gao, W.; Gao, Y. “The extremal trees for 
exponential vertex-degree-based topological 
indices,” Appl. Math. Comput., 2024, 472. doi: 
10.1016/j.amc.2024.128634.

6.	 Mauri, A. “alvaDesc: A tool to calculate 
and analyze molecular descriptors and 
fingerprints,” Methods Pharmacol. Toxicol., 
2020, 801–820. doi: 10.1007/978-1-0716-
0150-1_32.

7.	 Raza, A.; Munir, M. M. “Exploring spectrum-
based descriptors in pharmacological traits 
through quantitative structure property 
(QSPR) analysis,” Front. Phys., 2024.doi: 
10.3389/fphy.2024.1348407.

8.	 Wiener, H. “Structural Determination of 
Paraffin Boiling Points,” J. Am. Chem. 
Soc., 1947, 69(1), 17–20. doi: 10.1021/
ja01193a005.

9.	 Chen, R.; Naeem, M.; Ishaq, M.; Tawfiq, 
F. M.; Rauf, A.; Aslam, A. “Mathematically 
modeling of Ge-Sb-Te superlattice to estimate 
the physico-chemical characteristics,” Ain 
Shams Eng. J., 2024, 15(4). doi: 10.1016/j.
asej.2023.102617.

10.	 Bermudo, S.; Peterin, I.; Sedlar, J.; Škrekovski, 
R. “Domination number of modular product 
graphs,” 2024. Available: http://arxiv.org/
abs/2404.02853.

11.	 Balasubramanian, K. “New Insights into 
Aromaticity through Novel Delta Polynomials 
and Delta Aromatic Indices,” Symmetry (Basel) 
2024, 16(4). doi: 10.3390/sym16040391.

12.	 Codex, Y. “Exploration and Evaluation of Novel 
Topological Indices for Molecular Structure 
Representation: An Emerging Trend in 
Molecular Modelling,” 2023.

13.	 Yang, L.; Zhang, W.; Dai, S.; Feng, D.; 
Dong, Y.; Qiao, Z.A. “Development of 
QSAR models for evaluating pesticide 
toxicity against Skeletonema costatum,” 
Chemosphere 2021, 285. doi: 10.1016/j.
chemosphere.2021.131456.

14.	 Lv, X.; Deng, B.; Fu, F. “Graph distance 
measures based on Balaban indices,” Discret. 
Math., Algorithms Appl., 2024, 16(3).doi: 
10.1142/S1793830923500295.



208VIJAYASEKHAR et al., Orient. J. Chem., Vol. 41(1), 201-208 (2025)

15.	 Ullah, A.; Wang, B.; Sheng, J.; Long, 
J.; Khan, N. “Identification of Influential 
Nodes via Effect ive Distance-based 
Cen t ra l i t y  Mechan ism in  Comp lex 
Networks,” Complexity 2021, 8403738. doi: 
10.1155/2021/8403738.

16.	 Zhou, B. “Zagreb indices,” MATCH Commun. 
Math. Comput. Chem 2004, 52(1), 113–118.

	 Alwardi, A.; Alqesmah, A.; Rangarajan, R.; 
Cangul, I. N. “Entire Zagreb indices of graphs,” 
Discret. Math., Algorithms Appl., 2018, 10(3). 
doi: 10.1142/S1793830918500374.

17.	 De Carvalho, C. C. C. R.; Caramujo, M. J. “The 
various roles of fatty acids,” Molecules., 2018, 
23(10). doi: 10.3390/molecules23102583.

18.	 Rustan, A. C.; Drevon, C. A. “Fatty Acids: 
Structures and Properties,” Encycl. Life Sci., 
2005. doi: 10.1038/npg.els.0003894.

19.	 Roche, H. M. “Unsaturated fatty acids,” 
Proc. Nutr. Soc., 1999, 58(2), 397–401. doi: 
10.1017/S002966519900052X.

20.	 White,  B. “Dietary fat ty acids,” Am. 
Fam.,  Physic ian. ,  2009 ,  80 (4) . doi : 
10.1201/9780429321115-12.

21.	 Gutman, I. “Degree-based topological 
indices,” Croat. Chem. Acta., 2013, 86(4), 
351–361. doi: 10.5562/cca2294.

22.	 Nikolić, S.; Kovačević, G.; Miličević, A.; Trinajstić, 
N. “The Zagreb indices 30 years after,” Croat., 
Chem. Acta., 2003, 76(2), 113–124.


