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Research Article 

Fatty acid profiling and nutritional lipid indices of raw and cooked 

indigenous cattle meat and fat in Bangladesh 

R Jahan1, D Ghosh1, RA Deen1, M Habib3, MM Rahman1, MS Ali2, MA Hashem1* 

Abstract 

Fatty acid composition and lipid nutritional quality are important determinants of the health value 

of meat products. However, information regarding the lipid profile of indigenous cattle in 

Bangladesh and the influence of thermal processing on fatty acid stability remains limited. This 

study characterized the fatty acid composition and nutritional lipid indices of ribeye muscle 

(longissimus dorsi) and perirenal adipose tissue from indigenous cattle and evaluated the effects of 

cooking on lipid composition. Samples obtained from nine animals were analyzed in raw and 

cooked states, yielding 36 experimental samples. Total lipids were extracted using the Folch 

method, converted into fatty acid methyl esters, and analyzed by gas chromatography. The effects 

of tissue type (muscle vs adipose), cooking treatment (raw versus cooked), and their interaction 

were evaluated using two-way analysis of variance. Adipose tissue contained significantly higher 

total lipid content than muscle (68.66% versus 5.82%; p < 0.001). Tissue types strongly influenced 

fatty acid distribution, with muscle exhibiting higher proportions of monounsaturated fatty acids, 

whereas adipose tissue contained greater levels of polyunsaturated fatty acids. Oleic acid (C18:1) 

was the predominant fatty acid in both tissues. Cooking induced moderate compositional shifts, 

characterized by increased relative proportions of saturated fatty acids and reduced unsaturated 

fatty acids (p < 0.001), indicating preferential thermal degradation of unsaturated lipids. 

Nutritional lipid indices were moderately affected, although the overall fatty acid profile remained 

monounsaturated fatty acid dominant across treatments. These findings demonstrate that tissue 

type is the primary determinant of lipid composition in indigenous cattle, whereas thermal 

processing induces moderate but measurable changes in fatty acid distribution. The results provide 

baseline information on the lipid nutritional quality of indigenous Bangladeshi beef and indicate 

that typical cooking conditions do not substantially compromise its favorable fatty acid profile. 

Introduction 

Beef is a major source of high-quality protein, essential fatty acids, fat-soluble vitamins, and 

bioactive lipids that contribute significantly to human nutrition. In addition to its macronutrient 

value, increasing attention has been directed toward the qualitative characteristics of meat lipids, 

particularly the composition of saturated (SFA), monounsaturated (MUFA), and polyunsaturated 

fatty acids (PUFA), which are known to influence both human health outcomes and sensory 

properties of meat (Mititelu et al., 2024; Sherratt et al., 2023). Consequently, fatty acid 

composition and derived lipid health indices such as the atherogenic index (AI), thrombogenic 

index (TI), and hypocholesterolemic/hypercholesterolemic ratio (h/H) are widely used indicators 

for evaluating the nutritional quality of animal-derived foods (Carneiro et al., 2021; Goluch and 

Eng, 2021). 

Fatty acid composition of beef is influenced by several biological and environmental factors, 

including breed genotype, feeding system, age at slaughter, muscle type, and adipose tissue 

deposition patterns. These factors regulate lipid metabolism and the activity of enzymes involved 

in fatty acid synthesis, elongation, and desaturation (Sakowski et al., 2022; Momot et al., 2020). 

Indigenous cattle raised under extensive or semi-intensive systems in tropical regions often exhibit 

distinct lipid deposition patterns and fatty acid profiles compared with intensively reared 

commercial breeds, primarily due to differences in diet composition, growth rate, and metabolic 

adaptation to local environments. Despite their economic and cultural importance in many 

developing countries, comprehensive information regarding the lipid quality of indigenous cattle 

remains limited, particularly in South Asian production systems (Rahman et al., 2024; Islam et al., 

2021).  

In addition to intrinsic biological factors, post-mortem processing and culinary preparation can 

significantly modify lipid composition. Thermal processing promotes a series of physicochemical 

reactions, including lipid oxidation, hydrolysis, and structural rearrangements of fatty acids, which 

may alter both the proportion and stability of unsaturated fatty acids. Polyunsaturated fatty acids 

are particularly susceptible to oxidative degradation during cooking due to their multiple double 

bonds, whereas saturated fatty acids exhibit greater thermal stability (Khalid et al., 2023; 

Domínguez et al., 2019). As a result, cooking may change the nutritional lipid profile of meat and 

influence indices used to assess cardiovascular health risks (Bhat et al., 2021). 
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In Bangladesh, beef production relies predominantly on indigenous zebu-type cattle raised under forage-based feeding systems 
utilizing crop residues, native grasses, and limited concentrate supplementation. Although these production systems differ 

substantially from intensive beef production systems commonly studied in developed countries, scientific data describing the 

lipid composition and nutritional quality of beef from indigenous Bangladeshi cattle remain scarce. Furthermore, information 

regarding how typical cooking conditions influence the fatty acid composition of both muscle and adipose tissues is largely 

unavailable (Samad, 2020).  

Therefore, the present study aimed to characterize the fatty acid composition and nutritional lipid indices of rib eye muscle 

(longissimus dorsi) and perirenal adipose tissue from indigenous cattle in Bangladesh and to evaluate the effects of thermal 

processing on lipid stability and nutritional quality. By comparing raw and cooked tissues, this study provides baseline 
information on the lipid nutritional value of indigenous beef and contributes to a better understanding of how culinary 

preparation influences its health-related lipid characteristics. 

Materials and methods 

Experimental Design 

This study employed a paired factorial experimental design to evaluate the effects of tissue type and cooking treatment on fatty 

acid composition and lipid nutritional indices. Two tissue types were analyzed: ribeye muscle (longissimus dorsi) and perirenal 

adipose tissue. For each tissue type, samples were analyzed in both raw and cooked states, allowing the effect of thermal 

processing to be evaluated within the same biological sample. 

Sample collection and preparation 

Ribeye muscle (longissimus dorsi) and perirenal adipose tissue were obtained from local meat retailers in Mymensingh, 

Bangladesh. Samples originated from indigenous beef cattle slaughtered under standard commercial conditions. Based on 
vendor-provided information, all animals were male and approximately 1.5–2.5 years of age at slaughter, with reported slaughter 

weights ranging from 190 to 250 kg. Because samples were obtained from commercial retail markets, detailed feeding regimes, 

breed composition, and pre-slaughter management conditions could not be independently verified. 

Immediately after purchase, samples were transported to the Meat Laboratory, Department of Animal Science, Bangladesh 
Agricultural University, in insulated containers containing ice packs to maintain a temperature below 4 °C. Upon arrival, visible 

external fat and epimysial connective tissues were removed. Each ribeye steak was divided longitudinally into two equal 

portions: one designated for raw analysis and the other for cooking treatment. Perirenal fat samples were similarly trimmed to 

remove extraneous tissues and impurities. All samples were stored at 4 °C for approximately 24 h post-mortem to allow 

completion of rigor mortis and stabilization of physicochemical properties prior to further processing. 

A total of nine animals were included in the study. From each animal, one representative subsample per tissue type was prepared 

for both raw and cooked treatments. This design yielded 9 raw muscle samples, 9 cooked muscle samples, 9 raw adipose 

samples, and 9 cooked adipose samples (n = 36 total samples). 

Cooking Procedure  

Thermal processing was conducted using a thermostatically controlled water bath. Muscle and adipose tissue samples were 

individually vacuum-packaged in heat-stable polyethylene bags to minimize moisture loss and oxidative exposure during 

cooking. Samples were cooked until the internal core temperature reached 71 °C, which was monitored using a calibrated 
thermocouple probe inserted into the geometric center of each sample. After cooking, samples were immediately cooled to room 

temperature under laboratory conditions, vacuum-packaged, and stored at −20 °C until lipid extraction and fatty acid analysis. 

Lipid Extraction and Gas Chromatography Analysis 

Total lipids were extracted according to the Folch extraction method using a chloroform–methanol mixture (2:1, v/v). 
Approximately 5 g of homogenized tissue was mixed with the solvent system and homogenized thoroughly. After filtration, 0.9 

% NaCl solution was added to facilitate phase separation. Following centrifugation, the lower chloroform phase containing total 

lipids was collected. Methyl nonadecanoate (C19:0) was added as an internal standard to allow quantitative determination of 

fatty acid concentrations. 

Extracted lipids were converted to fatty acid methyl esters (FAME) using boron trifluoride–methanol (BF₃–methanol) reagent. 

The reaction mixture was heated under controlled conditions to ensure complete transesterification of triglycerides and free fatty 

acids. FAME were subsequently extracted with hexane and dried under nitrogen prior to chromatographic analysis. 

FAME were analyzed using a gas chromatograph (7890B, Agilent Technologies, Santa Clara, CA, USA) equipped with a fused-
silica capillary column (SP™-2560, Supelco; 100 m × 0.25 mm × 0.20 μm film thickness) specifically designed for fatty acid 

methyl ester separation. Chromatographic conditions were as follows: injector temperature 240 °C, detector temperature 260 °C, 

helium as the carrier gas, and a 10:1 split ratio. The oven temperature program was: initial temperature 60 °C, increased at 20 °C 

min⁻¹ to 170 °C, followed by 5 °C min⁻¹ to 220 °C, and finally 2 °C min⁻¹ to 240 °C. Fatty acids were identified by comparing 
sample retention times with those of authentic FAME standards (Supelco 37 Component FAME Mix, C4–C24). Importantly, 

geometric (cis/trans) and positional isomers were not chromatographically resolved under the analytical conditions used. 

Therefore, when multiple isomeric forms were present, peak areas representing these isomers were integrated together and 

reported as combined totals. Consequently, reported MUFA and PUFA values represent aggregated fatty acid classes rather than 
individual isomeric species. Quantification was performed relative to the internal standard (C19:0) using peak-area ratios to 

determine the concentration and proportional distribution of each fatty acid. 

Fatty acid grouping and nutritional indices 

Fatty acids analyzed included myristic (C14:0), myristoleic (C14:1), palmitic (C16:0), palmitoleic (C16:1), margaric (C17:0), 
heptadecenoic (C17:1), stearic (C18:0), oleic (C18:1), linoleic (C18:2), linolenic (C18:3), and arachidic (C20:0). Isomers were 

not separated and were included in their respective totals. 
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Fatty acids were combined to calculate total saturated (Equation 1), monounsaturated (Equation 2), and polyunsaturated fatty 

acids (Equation 3) as follow: 

𝑆𝐹𝐴 = 𝐶14: 0 +  𝐶16: 0 +  𝐶17: 0 +  𝐶18: 0 +  𝐶20: 0    ……………. (1) 

𝑀𝑈𝐹𝐴 =  𝐶14: 1 +  𝐶16: 1 +  𝐶17: 1 +  𝐶18: 1                ……………. (2) 

𝑃𝑈𝐹𝐴 =  𝐶18: 2 +  𝐶18                                                       ..……….….. (3) 

The desaturation index (DI), representing the addition of a double bond (Equation 4), and the elongation index (EI), representing 

the conversion of 16 to 18 carbon fatty acids (Equation 5), were calculated:  

𝐷𝐼 = 100 ×
[𝐶16:1]+[𝐶18:1]

[𝐶16:1]+[𝐶16:0]+[𝐶18:1]+[𝐶18:0]
  ...………………. (4) 

𝐸𝐼 = 100 ×
[𝐶18:0]

[𝐶16:0]
                                     ………………… (5) 

Statistical analysis 

All statistical analyses were performed using Python (version 3.12). A two-way analysis of variance (ANOVA) was conducted 

to assess the main effects of tissue type (muscle vs. adipose), cooking treatment (raw vs. cooked), and their interaction on fatty 

acid composition and derived indices. When significant main or interaction effects were identified (p < 0.05), multiple 

comparisons were performed using Tukey’s honestly significant difference (HSD) post hoc test to determine pairwise 

differences between groups. Results are presented as mean values, and the standard error (SE) is reported in a separate column in 

the tables. 

Results 

Effects of Tissue Type, Cooking Treatment, and Their Interaction on Fatty Acid Composition 

Two-way ANOVA demonstrated a significant main effect of tissue type on total fat content (p < 0.001), with adipose tissue 

(68.66%) exhibiting substantially higher lipid levels than muscle (5.82%) (Table 1). Cooking treatment did not significantly 

affect total fat (p = 0.21), and no significant Type × Treatment interaction was detected (p = 0.49). 

Table 1: Fatty acid composition (g/100 g total lipid) of meat and fat portions in raw and cooked conditions and their interaction 

effects (Type × Treatment). 

Values are expressed as mean. SE indicates Standard Error. Different superscripts (a, b) within the same row indicate significant differences (p < 0.05). p(Type): 

comparison between meat and fat; p(Treatment): comparison between raw and cooked samples; p(Type × Treatment): interaction between type and treatment. 

Total saturated fatty acids (SFA) were not influenced by tissue type (p = 0.40) but were significantly affected by cooking 
treatment (p < 0.001), increasing from 38.39% in raw samples to 42.93% in cooked samples. A significant Type × Treatment 

interaction was observed (p = 0.02). 

Total unsaturated fatty acids (UFA) were likewise unaffected by tissue type (p = 0.40) but were significantly reduced following 

cooking (61.61% vs. 57.07% for raw and cooked samples, respectively; p < 0.001). The interaction between tissue type and 

treatment was significant (p = 0.02). 

Among individual SFA, myristic acid (C14:0) showed a significant effect of tissue type (p < 0.001), with higher values in 

adipose tissue (2.96%) than in muscle (2.10%). No significant effects of treatment (p = 0.36) or interaction (p = 0.66) were 

detected. Palmitic (C16:0), stearic (C18:0), arachidic (C20:0), and lignoceric (C24:0) acids were not significantly affected by 

tissue type, cooking treatment, or their interaction (p > 0.05). 

Total monounsaturated fatty acids (MUFA) were significantly influenced by tissue type (p < 0.001) and cooking treatment (p = 

0.01). MUFA proportions were higher in muscle (53.66%) than in adipose tissue (46.97%) and decreased after cooking (51.97% 

vs. 48.66% for raw and cooked samples, respectively). The interaction effect was not significant (p = 0.16). 

Oleic acid (C18:1), the predominant fatty acid, was significantly affected by tissue type (p < 0.001), with higher proportions in 

muscle (48.44%) than in adipose tissue (42.67%). Neither cooking treatment (p = 0.07) nor the interaction term (p = 0.29) 

reached statistical significance. 

Eicosenoic acid (C20:1) differed significantly between tissue types (p < 0.001), being higher in adipose tissue (0.61%) than in 
muscle (0.21%), whereas treatment (p = 0.95) and interaction (p = 0.52) effects were not significant. Myristoleic (C14:1) and 

palmitoleic (C16:1) acids were not significantly influenced by either main effects or their interaction (p > 0.05). 

Traits Meat Fat Raw Cooked SE p(Type) p(Treatment) p(Type × Treatment) 

Total_Fat 5.82b 68.66a 32.61 41.87 10.02 0 0.21 0.49 

Saturated_Fatty_Acid 41.01a 40.31a 38.39 42.93 0.84 0.4 0 0.02 

Myristic_Acid 2.1b 2.96a 2.44 2.62 0.16 0 0.36 0.66 

Palmitic_Acid 26.23a 23.8a 23.94 26.09 0.75 0.09 0.12 0.34 

Stearic_Acid 12.35a 13.36a 11.75 13.95 0.66 0.44 0.12 0.53 

Arachidic_Acid 0.24a 0.17a 0.20 0.21 0.02 0.06 0.55 0.97 

Lignoceric_Acid 0.09a 0.02a 0.07 0.05 0.02 0.11 0.61 0.6 

Unsaturated_Fatty_Acid 58.99a 59.69a 61.61 57.07 0.84 0.4 0 0.02 

Monounsaturated_Fatty_Acid 53.66b 46.97a 51.97 48.66 1.22 0 0.01 0.16 

Myristoleic_Acid 0.18a 0.32a 0.26 0.24 0.08 0.43 0.94 0.71 

Palmitoleic_Acid 4.84a 3.37a 4.29 3.91 0.51 0.2 0.73 0.84 

Oleic_Acid 48.44b 42.67a 47.01 44.10 1.17 0 0.07 0.29 

Eicosenoic_Acid 0.21b 0.61a 0.41 0.41 0.07 0 0.95 0.52 

Polyunsaturated_Fatty_Acid 5.33b 12.72a 9.64 8.41 1.29 0 0.43 0.65 

Linoleic_Acid 4.54b 11.87a 8.71 7.71 1.27 0 0.49 0.63 

Linolenic_Acid 0.27b 0.81a 0.63 0.45 0.09 0 0.07 0.77 

Arachidonic_Acid 0.51b 0.04a 0.30 0.26 0.1 0.02 0.8139 0.8529 
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Total polyunsaturated fatty acids (PUFA) were significantly affected by tissue type (p < 0.001), with higher proportions in 
adipose tissue (12.72%) compared to muscle (5.33%). Cooking treatment (p = 0.43) and the interaction term (p = 0.65) were not 

significant. 

Linoleic acid (C18:2) and linolenic acid (C18:3) both exhibited significant tissue-type effects (p < 0.001), with higher 

concentrations in adipose tissue than in muscle. Treatment and interaction effects were not significant (p > 0.05). 

Arachidonic acid (C20:4) showed a significant tissue-type effect (p = 0.02), with higher levels in muscle (0.51%) than in adipose 

tissue (0.04%). No significant treatment (p = 0.81) or interaction (p = 0.85) effects were observed. 

Fatty Acid Ratios and Nutritional Indices 

Cooking treatment altered lipid quality indices in both tissues (Table 2). The SFA/UFA ratio increased following cooking in 
muscle (0.66 to 0.73) and adipose tissue (0.57 to 0.78). Conversely, the PUFA/SFA ratio decreased in both tissues, with a more 

pronounced reduction in adipose tissue (0.40 to 0.27) than in muscle (0.14 to 0.12). The n-6/n-3 ratio decreased in muscle (15.00 

to 9.54) but increased in adipose tissue (13.73 to 15.79). The MUFA/PUFA ratio increased after cooking in both muscle (9.76 to 

10.43) and adipose tissue (3.47 to 3.79). 

Table 2: Fatty acid ratio between raw versus cooked beef and fat 

Ratio 
Meat Fat 

Raw Cooked Raw Cooked 

SFA/UFA 0.66 0.73 0.57 0.78 

PUFA/SFA 0.14 0.12 0.40 0.27 

n-6/n-3 15 9.54 13.73 15.79 

MUFA/PUFA 9.76 10.43 3.47 3.79 

Desaturation and Elongation Indices 

The desaturation index (DI) decreased following cooking in both tissues, with a greater reduction observed in adipose tissue 

(59.30 to 51.97) than in muscle (59.30 to 57.01) (Table 3). The elongation index (EI) remained relatively stable across 

treatments. Muscle exhibited minimal change (66.26 to 66.08), while adipose tissue showed a slight decrease (69.95 to 69.01). 

Table 3: Calculation of Desaturation Index (DI) and Elongation Index (EI) of fatty acids in raw versus cooked beef and fat 

Traits 
Meat Fat 

Raw Cooked Raw Cooked 

DI 59.30 57.01 59.30 51.97 

EI 66.26 66.08 69.95 69.01 

Ranking and Relative Abundance of Major Fatty Acids 

Across all treatments, oleic acid (C18:1) was the most abundant fatty acid in both tissues, followed by palmitic (C16:0) and 

stearic (C18:0) acids (Table 4). Cooking resulted in minor changes in ranking among secondary fatty acids; however, the 

hierarchical dominance of major fatty acids remained unchanged. Long-chain saturated fatty acids, including arachidic and 

lignoceric acids, remained below 0.5% of total lipids across treatments. 

Table 4: Ranking and Relative Abundance of Major Fatty Acids in Raw and Cooked Beef and Fat 

Fatty acids 

Raw beef meat 

ranking 

Cooked beef meat 

ranking 
Raw beef fat ranking Cooked beef fat ranking 

% Ranking % Ranking % Ranking % Ranking 

Oleic Acid (C18:1) 49.09 1 47.78 1 45.20 1 40.41 1 

Palmitic Acid (C16:0) 25.79 2 26.68 2 21.31 2 25.51 2 

Stearic Acid (C18:0) 11.66 3 13.04 3 13.28 3 11.02 4 

Palmitolic Acid (C16:1) 5.14 4 4.53 4 12.12 4 14.87 3 

Linoleic Acid (C18:2)  4.70 5 4.39 5 3.51 5 3.29 5 

Myristic Acid (C14:0) 2.51 6 2.15 6 2.58 6 3.09 6 

Arachidonic Acid (C20:4)  0.55 7 0.48 7 0.97 7 0.70 7 

Linolenic Acid (C18:3)  0.35 8 0.19 11 0.63 8 0.57 8 

Eicosenoic Acid (C20:1) 0.27 9 0.31 9 0.48 9 0.42 9 

Myristoleic Acid (C14:1) 0.23 10 0.42 8 0.16 10 0.18 10 

Arachidic Acid (C20:0) 0.23 10 0.24 10 0.04 11 0.03 11 

Lignoceric Acid (C24:0) 0.17 11 0.11 12 0.01 12 0.02 12 

Correlation Analysis of Fatty Acid Profiles 

A strong inverse correlation was observed between total SFA and total UFA (r = −1.00), reflecting their compositional 

relationship (Figure 1). Oleic acid was positively correlated with eicosenoic acid (r = 0.54) and negatively correlated with total 

PUFA (r = −0.61). Linoleic and linolenic acids were positively correlated (r = 0.76). Arachidonic acid showed positive 

correlations with lignoceric acid (r = 0.95) and total fat content (r = 0.70). 
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Figure 1: Correlation Analysis of Fatty Acid Profiles. 

 

Overall Impact of Cooking on Lipid Composition 

Across replications, cooking increased SFA proportions while reducing MUFA and PUFA proportions (Figure 2). These 

compositional shifts were more evident in adipose tissue than in muscle. The overall fatty acid profile remained MUFA-

dominant across all treatments. 
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Figure 2: Cooking-Induced Variations in Fatty Acid Composition of Meat and Fat Tissues across Experimental Replications. 

Discussion 

Tissue-Specific Lipid Deposition Patterns in Indigenous Cattle 

The present study demonstrates that tissue type exerts a stronger influence on fatty acid composition than thermal processing, 

confirming the central role of biological lipid deposition mechanisms in determining beef lipid quality (Bartoň et al., 2021; 

Murshed et al., 2014). As expected, adipose tissue contained markedly higher total lipid levels than muscle, reflecting its 

physiological function as a primary triglyceride storage depot (Du et al., 2022). 

Although total SFA and UFA proportions were statistically similar between tissues, distinct differences emerged at the individual 

fatty acid level (Costa et al., 2020). Muscle exhibited significantly higher MUFA proportions (Chen et al., 2022), particularly 

oleic acid (C18:1), whereas adipose tissue contained greater total PUFA, especially linoleic and linolenic acids (Urrutia et al., 
2020). These findings align with the differential lipid class distribution between tissues. Muscle lipids comprise both structural 

phospholipids and neutral lipids, whereas adipose tissue is dominated by triacylglycerols (Zhang et al., 2025; Cui et al., 2024). 

The higher arachidonic acid (C20:4) concentration in muscle further supports this structural distinction (Rule et al., 2022). 

Arachidonic acid is preferentially incorporated into membrane phospholipids, where it contributes to membrane fluidity and 
serves as a precursor for bioactive eicosanoids (Weiny et al., 2022). Conversely, its minimal presence in adipose tissue reflects 

limited incorporation into storage lipids (Kalkman et al., 2021). The relatively high MUFA content, particularly oleic acid 

dominance across tissues (Smith, 2024), suggests favorable stearoyl-CoA desaturase (SCD) activity in indigenous cattle 

(Rodriguez et al., 2024). Such a profile is often associated with improved oxidative stability and sensory properties, and may 

reflect adaptation to forage-based feeding systems typical of indigenous production in Bangladesh (Islam et al., 2014). 
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Influence of Cooking on Fatty Acid Stability 

Thermal processing induced moderate but consistent changes in fatty acid composition, characterized by an increase in the 

relative proportion of saturated fatty acids and a reduction in unsaturated fatty acids (Gruffat et al., 2021). These shifts are 

commonly attributed to preferential degradation of unsaturated fatty acids during heating, as double bonds present in MUFA and 

PUFA are more susceptible to oxidative reactions than the single bonds found in saturated fatty acids (Dragoev, 2024; Rasinska 

et al., 2019). 

Among the unsaturated fatty acids, PUFA are particularly vulnerable to lipid peroxidation due to their multiple double bonds. 

Consequently, thermal exposure during cooking can lead to partial degradation or structural modification of PUFA, resulting in 

an apparent increase in the relative proportion of SFA (Marović et al., 2024; Mortensen et al., 2024). Despite these changes, 
oleic acid remained the dominant fatty acid across all treatments, indicating relatively greater thermal stability compared with 

polyunsaturated fatty acids (Zhu et al., 2022). 

Interaction between Tissue Matrix and Thermal Processing 

Significant Type × Treatment interactions were limited to total SFA and UFA, indicating that the response to cooking is matrix-

dependent. Adipose tissue exhibited relatively larger shifts in fatty acid proportions following heat treatment (Dinh et al., 2021). 

This differential response may be explained by lipid microstructure. In muscle, lipids are embedded within protein–phospholipid 

complexes that may confer partial protection against oxidative attack (Zou et al., 2022). In contrast, adipose tissue lipids are 

organized into large triglyceride droplets with less structural protection, potentially facilitating oxidative reactions during heating 

(Guo et al., 2023). 

Despite these matrix-specific responses, the hierarchical ranking of major fatty acids remained unchanged after cooking. Oleic, 

palmitic, and stearic acids consistently dominated the lipid profile, indicating preservation of fundamental fatty acid structure 

under the applied cooking conditions (Mwangi et al., 2021). 

Nutritional Lipid Indices and Health Implications 

Cooking increased the SFA/UFA ratio and decreased the PUFA/SFA ratio in both tissues, changes often interpreted as less 

favorable from a cardiovascular perspective. However, the magnitude of change was moderate (Liu et al., 2020). 

Notably, the n-6/n-3 ratio decreased substantially in muscle but increased slightly in adipose tissue. This divergence suggests 
tissue-specific oxidative sensitivity of omega-3 fatty acids. The reduction of n-6/n-3 in muscle may reflect selective degradation 

patterns or proportional concentration effects resulting from moisture loss during cooking (Bielawiec et al., 2021). 

The increase in MUFA/PUFA ratio across tissues further supports preferential loss of PUFA during heating. From a nutritional 

standpoint, the preservation of high MUFA levels particularly oleic acid is favorable, as MUFA intake has been associated with 
improved lipid metabolism and reduced cardiovascular risk (Sheashea et al., 2021). Importantly, despite measurable thermal 

effects, the overall lipid profile of indigenous beef remained MUFA-dominant after cooking, suggesting that typical culinary 

preparation does not fundamentally diminish its nutritional lipid quality (Dagne et al., 2021). 

Correlation Structure and Compositional Data Considerations 

The observed near-perfect inverse correlation between total SFA and UFA reflects the compositional constraint inherent to 

proportional fatty acid data. Because fatty acids are expressed as percentages of total lipid, increases in one fraction necessarily 

reduce others. Thus, this relationship should be interpreted as a mathematical consequence of data closure rather than direct 

biological antagonism (Bristy et al., 2025; Bello et al., 2021). 

Positive correlations between linoleic and linolenic acids indicate coordinated deposition of essential fatty acids, likely 

influenced by dietary intake (Schettini et al., 2022). The strong association between arachidonic acid and lignoceric acid may 

reflect shared elongation or membrane incorporation pathways, although further metabolic investigation would be required to 

confirm this (Wang et al., 2021). 

The relatively stable elongation index (EI) across treatments supports the understanding that elongation processes occur in vivo 

and are not modified post-mortem by cooking. In contrast, the decline in DI reflects post-mortem thermal modification of 

unsaturated bonds rather than enzymatic regulation (Ndereyimana et al., 2024). 

Implications for Indigenous Cattle and Regional Beef Quality 

Indigenous cattle in Bangladesh are typically reared under extensive systems with forage-based diets (Alam et al., 2024; Islam et 

al., 2022). The fatty acid profile observed in this study, characterized by high MUFA and moderate PUFA levels, may reflect 

such feeding systems and slower growth rates relative to commercial crossbreeds (Ponnampalam et al., 2024). 

The retention of a MUFA-rich profile following cooking suggests that indigenous beef maintains lipid quality under common 
domestic preparation conditions. Given the limited data available on the lipid characteristics of native Bangladeshi cattle, these 

findings provide foundational evidence supporting the nutritional value of locally produced beef. 

Study Limitations and Future Perspectives 

Several limitations should be acknowledged. First, animals were obtained from retail markets, and detailed information 
regarding feeding regime, and genetic background was not available. These factors may influence fatty acid composition and 

introduce biological variability. Second, lipid oxidation products were not directly measured, limiting mechanistic interpretation 

of thermal degradation processes. Future studies incorporating controlled feeding trials, oxidative stability measurements, and 

sensory evaluation would provide a more comprehensive understanding of lipid quality in indigenous cattle.  
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Conclusion 

This study evaluated the fatty acid composition and lipid nutritional indices of raw and cooked ribeye muscle and perirenal 

adipose tissue from indigenous cattle in Bangladesh. Tissue type was the primary determinant of lipid characteristics, with 

adipose tissue containing higher total fat and PUFA, whereas muscle exhibited higher MUFA levels, particularly oleic acid. 
Cooking caused moderate shifts in fatty acid composition, increasing the relative proportion of saturated fatty acids while 

reducing unsaturated fatty acids, likely due to thermal oxidation. Despite these changes, the overall fatty acid profile remained 

MUFA-dominant and the ranking of major fatty acids was preserved. These findings indicate that typical cooking conditions do 

not substantially compromise the nutritional lipid quality of indigenous beef and provide baseline information supporting its 

value as a nutritionally important local protein source. 
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