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 Abstract: The present study presents an initial systematic analysis of the lipid matrix 

of the yolk from healthy, unfertilized hen eggs (n = 60), considered as a functional biochemical 

and structural foundation that establishes a baseline configuration before potential 

embryogenesis. The aim is to define the baseline state of the lipid architecture and its 

biochemical capacity before the transformation that occurs upon fertilization and activation of 

embryonic development. The biochemical profile of the yolk was characterized through 

analysis of the major lipid fractions, and the obtained results were compared descriptively with 

reference standards. Experimental lipid parameters were integrated into an in silico analytical 

framework designed to transform biochemical measurements into comparative indicators of 

structural organization. The Index of Structural Sufficiency (Iss) reflects a well-balanced lipid 

matrix with moderate biological variability, providing an interpretative descriptor of the 

baseline structural integrity of the matrix. The proposed model serves as an analytical tool for 

interpreting empirical lipid data. This combined experimental and computational approach 

establishes a reference framework for future studies focused on transformations of the lipid 

matrix during fertilization and early embryogenesis, as well as for comparative assessments of 

egg quality in the context of nutrition and food safety. 
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 Introduction 

The egg of the domestic chicken (Gallus gallus domesticus) represents a unique 

biological entity that combines the characteristics of a high-quality nutritional product and an 

autonomous reproductive system (Vaillant and Vuma, 2015), capable of sustaining the 

complete cycle of embryonic development outside the maternal organism (SAH and MISHRA, 

2018; Scanes et al. 2020). This dual nature makes it an exceptionally suitable model for 

studying the relationship between the nutritional matrix, biochemical organization and early 

developmental processes. A central role in this system is played by the yolk, which functions 

as the primary source of energy, structural lipids, and biologically active compounds (Vieira, 

2007). For humans, as consumers, the yolk is a concentrated source of phospholipids, choline, 

polyunsaturated fatty acids, and fat-soluble vitamins (Patil et al. 2022). The developing avian 

embryo, however, relies mainly on nutrients and antibodies derived from the yolk and albumen 

to sustain its growth (Hatta et al. 2007). While the macro-nutritional and descriptive lipid profile 

of commercial chicken eggs is documented in broad national databases, there is an ongoing lack 

of integrative mathematical and analytical models that evaluate the structural matrix synergy 

and spatial organization of these lipid components before biological activation. 

Once embryogenesis is initiated, development depends on the programmed degradation 

of yolk contents into small molecules such as lipoproteins, carbohydrates, amino acids, and 

fatty acids through the enzymatic digestion of the yolk sac, which can then be assimilated by 
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the embryo (Gilbert and Barresi, 2018). A study by Alabi et al. (2018) demonstrated that during 

incubation a progressive reduction in the mass of the yolk sac occurs, accompanied by a rapid 

increase in embryonic mass and the development of internal organs. These findings emphasize 

that the yolk does not represent a passive nutritional reserve but rather a dynamic structure 

whose biochemical organization is closely linked to embryonic morphology. Furthermore, 

extraembryonic tissues such as the yolk sac, amnion, and allantois can utilize yolk components 

to support their development and metabolic activity (Ramos et al. 2022; Zhao et al. 2024). 

Nevertheless, only a limited number of studies have linked the biochemical profile of 

the yolk with egg quality as a potential reproductive unit and with its capacity to support the 

early stages of embryogenesis (Duan et al. 2013). In particular, the baseline state of the lipid 

matrix in unfertilized, healthy eggs remains insufficiently investigated as a reference system. 

The aim of the present study is to characterize the biochemical lipid capacity of the yolk 

in healthy, unfertilized chicken eggs as a baseline matrix to establish an interpretive conceptual 

framework for structural organization. 

 

 Мaterial and methods 

 Experimental Material 

The study was conducted using 60 chicken eggs obtained from a commercial hatchery. 

The eggs were produced by laying hens of the Line Brown breed, with a flock age range of 28–

32 weeks, maintained on a uniform, standard commercial corn-soybean meal production diet 

meeting NRC requirements. For the analysis, eggs of similar mass (mean egg weight: 61.2 ±1.4 

g; mean yolk weight: 17.4 ±0.8 g) and without visible external defects were selected. Following 

collection, the eggs were stored under controlled conditions at 4oC for a duration of no more 

than 48 hours prior to laboratory handling. All eggs were unfertilized and were considered a 

baseline biological system for evaluating the lipid matrix before the onset of embryonic 

development. 

 

 Analytical Procedures and Quantitative Analysis of the Lipid Profile 

At the end of the experimental procedure, lipids were extracted from the egg yolk and 

the contents of total lipids, neutral lipids, cholesterol, and phospholipids were determined. 

Total lipid content was determined using a two-step chloroform–methanol extraction 

(2:1 v/v) according to the method described by Ahn et al. (2006). Briefly, 1g of homogenized 

yolk sample was thoroughly mixed with 20mL of the solvent mixture, agitated for 15 minutes, 

and filtered. The cholesterol content in the lipid extract was determined following the method 

of Hwang et al. (2003), while phospholipids were quantified using a modified procedure based 

on Zhou et al. (2010). Absorbance measurements were performed at λ = 206 nm using a UV-

1800 spectrophotometer (Japan) with quartz cuvettes with an optical path length of 10 mm. All 

measurements were conducted against a blank control sample. Quantification was performed 

by comparing the absorbance values with linear calibration curves (R2 > 0.995) constructed 

using corresponding analytical standards purchased from Sigma-Aldrich. To ensure high 

analytical reproducibility and account for experimental variability, all extraction and 

measurement procedures were conducted in strict technical triplicates for each individual egg 

sample. The neutral lipid fraction (triglycerides) was calculated indirectly as the difference 

between total lipids and the combined concentrations of cholesterol and phospholipids. 

 

 In Silico Modeling 

Based on the obtained experimental data, an in silico model was developed to simulatet 

the hypothetical balance of the structural components within the yolk matrix. The model was 

implemented through an algorithm written in Python (version 3.9). The model integrates the 
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experimentally derived biochemical parameters with a metabolic utilization coefficient (σ = 

0.85) derived from literature data describing the efficiency of lipid metabolism in avian species 

(Noble & Cocchi, 1990). Rather than functioning as a dynamic biological constant, $\sigma$ 

operates as a structural scaling factor within the mathematical matrix.  Based on the simulation 

output, the Index of Structural Sufficiency (Iss) was calculated according to the following 

equation: 

Based on the simulation output, a Structural Support Index (Iss) was calculated 

according to the following equation: 

Iss= σ×
PL

CH
x
TL

TG
 

 where: 

 

PL – normalized phospholipid content (expressed on a uniform g/100g yolk basis); 

CH – normalized cholesterol content (expressed on a uniform g/100g yolk basis); 

TL – normalized total lipid content (expressed on a uniform g/100g yolk basis); 

TG – normalized neutral lipids/triglycerides (expressed on a uniform g/100g yolk basis); 

σ – theoretical modeling parameter (σ = 0.85). 

 

To eliminate scale dependencies arising from mixed measurement bases, all input 

fractions were strictly converted to a uniform mass concentration metric (g/100g) of fresh egg 

yolk) prior to algorithmic processing. The model reflects the potential capacity of the yolk lipid 

matrix to support membrane organization and energy supply during the early stages of potential 

embryogenesis. 

 

 Statistical Analysis 

Statistical analyses were performed using Statistica software (version 13.3; StatSoft 

Inc., USA). The distribution and normality of the empirical biochemical parameters and the 

calculated index were evaluated using the Shapiro-Wilk test, which confirmed that all variables 

conformed to a normal distribution (P > 0.05). Because this study characterizes a single 

homogenous cohort (n = 60) to build a stable reference baseline, the data evaluation relies on 

descriptive statistics. All results are presented as: mean ± standard deviation (mean ± SD), 
accompanied by the range, median, and coefficient of variation (CV%) to fully convey 

biological variability. The standard deviation for Iss was calculated directly from the 

distribution of the 60 individually derived index outcomes. Crucially, comparisons made 

against international standard reference datasets (USDA, FAO/INFOODS, and EFSA) are 

purely descriptive and comparative in nature, as raw individual data from those databases were 

inaccessible for formal hypothesis testing. Consequently, our comparative conclusions are 

restricted to a descriptive interpretation 

 Results 

The lipid composition of chicken egg yolk was analyzed to characterize its quality as a 

functional nutritional matrix, considered as a baseline biological substrate for potential 

embryonic development. The analyzed parameters included total lipids, phospholipids, 

cholesterol, and triglycerides (Table 1). 

The experimentally determined total lipid and phospholipid contents of the yolk were 

in good agreement with reference values reported in USDA, FAO/INFOODS, and EFSA 

databases. Observed values were at the upper end of the reported ranges, confirming the 

physiological completeness of the material under study. These parameters serve as indicators 

of the structural stability of the lipid matrix, reflecting their key role in membrane organization. 
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Cholesterol content exhibited moderate individual variability, whereas the triglyceride fraction 

dominated, reflecting its primary role as an energy reserve. 

 

Table 1. Unified lipid composition of egg yolk: empirical data and international reference 

values (mean ± SD) 

Parameter Empirical 

data (n=60) 

USDA FoodData 

Central 

(fdc.nal.usda.gov) 

FAO/INFOODS 

(fao.org) 

EFSA Food 

Composition 

(efsa.europa.eu) 

Total lipid  

(g /100 g yolk) 

32.50 ± 1.78 26.5  31.9  32–33  

Phospholipids 

(g /100 g yolk) 

2.53 ± 0.24 – 2.39  2.24–2.26  

Cholesterol  

(g /100 g yolk) 

1.59 ± 0.22 1.085  1.850  1.5–2.0  

Triglycerides 

(g /100 g yolk) 

21.15 ± 0.65 – 20.73  20.48–21.78  

Notes: Reference values are taken from established international databases; ranges are indicated 

where available. “–” indicates that the database does not provide a specific value for the 

parameter. 

Based on these empirical data, the Structural Support Index (Iss) was calculated. 

Crucially, the index was computed individually for each of the 60 distinct egg samples, rather 

than from the aggregate group averages of Table 1. The mean Iss value was 1.42±0.27, 

reflecting a cohesive structural organization of the baseline yolk matrix. This index provides an 

interpretative assessment of the observed biochemical data rather than a predictive measure of 

embryonic metabolism. To outline the operational pipeline of the model, Figure 1 presents an 

algorithmic flowchart map that charts the processing steps from biological inputs to index 

interpretation. 

BIOLOGICAL INPUT DATA 

[60 Egg Samples: PL, CH, TL, TG unified to g/100g yolk] 

 

DATA PRE-PROCESSING STEP 

[Normalization & Alignment of Matrix Bases] 

 

ALGORITHMIC PROCESSING 

[Integration of Modeling Parameter: σ = 0.85] 

 

MATHEMATICAL INDEX COMPUTATION 

[Individual execution: Iss = σ * (PL+CH)/(TL*TG)] 

 

DESCRIPTIVE STATISTICAL OUTPUT 

[True Pool Average: Iss = 1.42 ± 0.27] 
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Figure 1. Operational flowchart map of the in silico model. Conceptual architecture 

showing data ingestion, mass unification, implementation of modeling parameter σ = 0.85, and 

output generation.  

Discussion 

Avian embryos develop and grow using the energy and nutrients stored in the egg by 

the hen (Bouvarel et al., 2011). Both the quantity and ratios of accumulated nutrients determine 

egg quality – first as a nutritional product for human consumption (Patil et al., 2022), and 

second, providing a baseline structural framework that can be evaluated for biological 

completeness before potential embryo activation (Gao et al., 2024). The current analytical data 

confirm that the total lipid pool and isolated lipid components are in close agreement with the 

baseline values documented in FAO/INFOODS, USDA, and EFSA, thereby validating the 

physiological status of the chosen commercial sample cohort. According to the data presented 

in Table 1, total lipids comprise approximately 32.50% of the fresh yolk weight. Within this 

pool, triglycerides represent the dominant energy fraction (21.15 ± 0.65 g/100g yolk, or roughly 

65% of total lipids), phospholipids constitute the principal structural backbone (2.53 ± 0.24 

g/100g yolk, or 7.8%), and cholesterol acts as a stabilizing agent (1.59 ± 0.22 g/100g yolk, or 

4.9%). During potential incubation, a progressive reduction in the mass of the yolk sac occurs, 

accompanied by a rapid increase in embryonic mass (Alabi et al., 2018). These findings 

emphasize that the yolk matrix is structured to transition from a static storage to a dynamic 

nutrient delivery system (Gilbert & Barresi, 2018). Extraembryonic tissues such as the yolk sac 

utilise yolk components to support development and metabolic activity (Ramos et al., 2022; 

Zhao et al., 2024). The high triglyceride content observed in our samples underpins this 

energetic requirement, as triglycerides are metabolized to provide over 90% of the energy 

necessary for embryonic growth (Speake et al., 1998). The Index of Structural Sufficiency (Iss) 

proposed in this study functions as a conceptual approximation of lipid matrix organization 

potentially relevant to embryonic support. By binding these core structural lipid components 
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with primary energy-yielding variables (triglycerides and total lipids) under a standardized 

parameter (σ = 0.85), the index serves as a single integrative measure. Crucially, because this 

study characterizes unfertilized eggs, the calculated Iss value (1.42±0.27 represents a static 

biochemical blueprint rather than a dynamic measure of ongoing metabolic and cell-

differentiation processes. In an active reproductive state, the endodermal epithelial cells of the 

yolk sac membrane must actively transport these lipid complexes (Bauer et al., 2013) via 

specific nutrient transporters (Speier et al., 2012; Yadgary et al., 2014). Changes in the yolk 

lipid matrix during potential development are typically accompanied by complex metabolic 

shifts (Liu et al., 2021), where the availability of hydrophilic and lipophilic structures dictates 

the efficiency of assimilation (Uni et al., 2012). Since our experimental design does not include 

fertilized cohorts or physical incubation outcomes (such as embryonic survival, tissue 

differentiation, or hatching success), any functional extrapolation regarding embryonic 

performance is intentionally avoided. Instead, a high baseline Iss score within an unfertilized 

yolk indicates that the pre-incubation nutrient matrix possesses the structural integrity and 

stoichiometric balance theoretically required to support these downstream intensive pathways 

if fertilization were to occur (Kucharska-Gaca et al., 2023; Wang et al., 2023). This put the Iss 

index as a descriptive baseline marker for egg quality assessment in the case of starting 

embryogenesis. 

 

 Conclusion 

The yolk of the chicken egg represents a functionally integrated biological system with 

a dual role: serving as a primary nutritional matrix for human consumption and as a potential 

source of energy and structural substrates for embryonic development. 

The results of the present study demonstrate that yolks from unfertilized eggs exhibit a 

well-organized lipid profile, with balanced proportions of triglycerides, phospholipids, and 

cholesterol that correspond closely to established international reference values. The current 

data are restricted to characterizing the static lipid architecture of unfertilized hen eggs and 

acknowledging the theoretical character of the proposed Iss index. It functions successfully as 

a descriptive tool to assess structural matrix order, but it does not directly predict or simulate 

active embryonic metabolism. This approach opens opportunities for future studies 

investigating the effects of various factors – including diet, production conditions, and 

biological variability – on egg quality and their potential to support embryonic development.   
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