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ABSTRACT

Introduction: angiogenesis is a vital physiological process involved in growth, development, and wound 
healing, but it may be adversely influenced by environmental and dietary factors. Despite the widespread 
consumption of food seasonings, the potential effects of their bioactive components—such as monosodium 
glutamate (MSG)—on angiogenesis remain understudied. To address this gap, this study aimed to investigate 
the angiogenic effects of selected commercially available food seasonings using the chorioallantoic membrane 
(CAM) assay in fertilized duck embryos.
Method: twenty fertilized duck eggs were randomly assigned to four groups: control, Product X, Product Y, 
and Product Z. A 10 % aqueous extract of each seasoning was applied to the CAM of eggs in the respective 
treatment groups. Blood vessel formation and embryo viability were assessed after incubation.
Results: a significant reduction in blood vessel development was observed in all treatment groups compared 
to the control (p = 0,00184). Product Z exhibited the strongest antiangiogenic effect (96,15 % inhibition), 
followed by Product Y (81,65 %) and Product X (65,14 %). Correspondingly, embryo mortality rates increased 
in treatment groups, correlating with the degree of angiogenesis inhibition.
Conclusions: the findings suggested that certain food seasonings, particularly those containing monosodium 
glutamate (MSG) and other additives may impair embryonic vascular development and pose potential 
embryotoxic risks. The CAM assay proved to be a reliable and ethical in vivo model for evaluating the 
biological impact of dietary compounds. Further studies are recommended to explore dose-dependent 
responses and histomorphological changes associated with these seasonings.
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RESUMEN

Introducción: la angiogénesis es un proceso fisiológico vital que interviene en el crecimiento, el desarrollo y 
la cicatrización de heridas, pero puede verse afectada negativamente por factores ambientales y dietéticos. 
A pesar del consumo generalizado de condimentos alimentarios, los posibles efectos de sus componentes 
bioactivos, como el glutamato monosódico (GMS), sobre la angiogénesis siguen siendo poco estudiados.  
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Para abordar esta deficiencia, este estudio tuvo como objetivo investigar los efectos angiogénicos de 
condimentos alimentarios seleccionados disponibles comercialmente mediante el ensayo de membrana 
corioalantoidea (MCA) en embriones de pato fertilizados.
Método: veinte huevos de pato fertilizados se asignaron aleatoriamente a cuatro grupos: control, Producto X, 
Producto Y y Producto Z. Se aplicó un extracto acuoso al 10 % de cada condimento a la MCA de los huevos de 
los respectivos grupos de tratamiento. Se evaluó la formación de vasos sanguíneos y la viabilidad embrionaria 
tras la incubación.
Resultados: se observó una reducción significativa en el desarrollo vascular en todos los grupos de tratamiento 
en comparación con el grupo control (p = 0,00184). El Producto Z presentó el mayor efecto antiangiogénico 
(96,15 % de inhibición), seguido del Producto Y (81,65 %) y el Producto X (65,14 %). En consecuencia, las 
tasas de mortalidad embrionaria aumentaron en los grupos de tratamiento, en correlación con el grado de 
inhibición de la angiogénesis.
Conclusiones: los hallazgos sugieren que ciertos condimentos alimentarios, en particular los que contienen 
glutamato monosódico (GMS) y otros aditivos, pueden afectar el desarrollo vascular embrionario y presentar 
posibles riesgos embriotóxicos. El ensayo CAM demostró ser un modelo in vivo fiable y ético para evaluar 
el impacto biológico de los compuestos dietéticos. Se recomiendan estudios adicionales para explorar las 
respuestas dosis-dependientes y los cambios histomorfológicos asociados con estos condimentos.

Palabras clave: Efectos Angiogénicos; Ensayo CAM; Embrión de Pato Fertilizado; Condimentos Alimentarios.

INTRODUCTION
Angiogenesis, the process of new blood vessel formation from pre-existing vessels, is essential for both 

physiological functions such as growth and tissue repair, and pathological conditions including cancer and chronic 
diseases.(1,2) This intricate biological process is predominantly regulated by various signaling pathways, notably 
those involving hypoxia-inducible factors (HIFs), vascular endothelial growth factor (VEGF), and extracellular 
matrix (ECM) interactions.(3) HIFs play a crucial role in regulating angiogenesis, as they are activated in response 
to hypoxic conditions and lead to the expression of genes that promote the formation of new blood vessels.(4,5) The 
role of angiogenesis in cancer is particularly significant, as it allows tumors to secure sufficient oxygen and nutrient 
supply, thereby supporting their growth and metastasis.(6,7) Moreover, angiogenic mechanisms are vital for tissue 
repair and regeneration following injury, facilitating the delivery of necessary nutrients, as supported by research 
highlighting the importance of angiogenesis in wound healing processes.(5,8) Additionally, angiogenesis involves 
mechanisms such as sprouting, intussusception, and coalescence, which are influenced by cellular dynamics within 
the ECM.(9,10) Understanding the biological significance of angiogenesis not only elucidates fundamental processes 
in health and disease but also informs therapeutic strategies aimed at manipulating angiogenic pathways for 
improved clinical outcomes.(11,6,12)

The chorioallantoic membrane (CAM) assay is widely recognized as a valuable model for studying angiogenesis 
due to its unique biological properties and experimental advantages.(13,14) The CAM, a highly vascularized structure 
of the chick embryo, provides an excellent in vivo environment for observing and quantifying angiogenic processes. 
Its transparency allows for real-time imaging of blood vessel formation, making it an ideal platform for angiogenesis 
studies related to cancer, wound healing, and drug development.(13,14) Recent studies have demonstrated the utility 
of the CAM model in evaluating various therapeutic agents, including anti-angiogenic compounds and cancer 
treatments, showing significant effectiveness in modulating vascular growth and tumor behavior in xenograft 
models.(15,16,17) The CAM assay facilitates comprehensive investigations due to its ease of access and manipulation, 
enabling researchers to assess the effects of specific signaling pathways and therapeutic agents on angiogenesis, 
as indicated by studies that utilized targeted interventions in cancer biology.(18,19,20) Furthermore, the model’s low 
cost and minimal ethical concerns make it a preferred choice for early-stage biomaterial evaluation and drug 
testing.(21,22) Overall, the CAM assay remains a powerful tool in translational research, advancing our understanding 
of angiogenesis and aiding the development of novel therapeutic approaches in various pathological contexts.(23–25)

The fertilized duck embryo serves as a viable subject for the CAM assay, providing a unique platform for studying 
biological processes including angiogenesis and immune responses.(26) The CAM of avian species, particularly ducks, 
offers a highly vascularized environment that supports the examination of angiogenic factors and therapeutic agents 
in vivo, with notable advantages such as transparency and ease of manipulation.(26) Recent literature highlights 
the application of the duck embryo CAM model in testing the efficacy of angiogenesis inhibitors and evaluating 
biological responses to external agents, underscoring its potential in translational research and drug development.
(27) Additionally, specific studies confirm that the CAM assay can effectively represent the immunological responses 
distinct to duck embryos.(28,18) As an underutilized yet highly relevant alternative to the more common chicken 
CAM model, the duck embryo enhances the versatility of CAM assays in biomedical research.(26)
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Among dietary substances, monosodium glutamate (MSG)—a common food additive and flavor enhancer—has 
been shown to exert varying effects on angiogenesis. Several studies report that high doses of MSG are associated 
with increased oxidative stress and inflammation, which can disrupt normal endothelial function and contribute 
to vascular complications such as hyperlipidemia and atherosclerosis.(29,30) Experimental data also demonstrate 
that systemic administration of MSG can induce changes in lipid profiles and endothelial responses, potentially 
leading to pathological angiogenesis.(29,31) Furthermore, MSG exposure has been linked to elevated levels of pro-
inflammatory cytokines that may intensify angiogenic activity, contributing to metabolic disorders such as obesity.
(29,30) Nevertheless, other studies suggest that moderate MSG intake may not negatively affect vascular health 
and might even support appetite regulation and metabolic balance.(32) These conflicting findings suggest a dose-
dependent relationship, highlighting the need for further research into the comprehensive vascular effects of 
MSG.(33,34,35) Despite the widespread consumption of MSG and other food seasonings, their impact on angiogenesis 
remains understudied, especially in the context of developmental biology and experimental vascular models.

This research is therefore grounded in the need to explore the effects of commonly used food seasonings. 
Understanding their angiogenic potential may yield valuable insights into their broader health implications—
particularly because chronic or excessive exposure to pro-angiogenic or anti-angiogenic compounds could 
contribute to disease progression or impair tissue regeneration. The CAM assay using fertilized duck embryos offers 
a promising model to assess these effects. This study aims to investigate the effects of selected commercially 
available food seasonings on the chorioallantoic membrane (CAM) of fertilized duck embryos. Specifically, it seeks 
to:

1.	 Evaluate the angiogenic effects of the selected food seasonings on the CAM of fertilized duck 
embryos.

2.	 Analyze the percentage growth and percent inhibition of blood vessel formation among the control 
group and the three treatment groups (Product X, Product Y, and Product Z).

3.	 Assess and compare the mortality rate of fertilized duck embryos across the control group and the 
three treatment groups to evaluate potential embryotoxic effects of the food seasonings.

4.	 Determine whether there are significant differences in blood vessel formation among the control 
and treatment groups.

Null Hypothesis (H₀) There is no significant difference in the number of blood vessels formed among the 
control group and the treatment groups (Product X, Product Y, and Product Z).

Alternative Hypothesis (H₁) There is a significant difference in the number of blood vessels formed among 
the control group and the treatment groups (Product X, Product Y, and Product Z).

METHOD
Type of Investigation and Research Design

This study employed a true experimental design, specifically a completely randomized design (CRD), to 
examine the angiogenic effects of selected food seasonings using the chorioallantoic membrane (CAM) assay. 
Fertilized duck embryos were randomly assigned to control and treatment groups to ensure unbiased allocation 
and replicability.

Timeline and Location
The experiment was conducted over a 7-day period in March 2025 at the Premier Research Institute of 

Science and Mathematics (PRISM), Mindanao State University–Iligan Institute of Technology (MSU-IIT), Iligan 
City, Philippines.

Universe, Population, and Selection Process
The universe consisted of fertilized avian eggs. The study population was fertilized duck (Anas platyrhynchos 

domesticus) eggs obtained from Vera Cruz Farm, Buru-un, Iligan City. From an initial collection of 30 eggs, 20 
fertilized eggs were selected using candling, a non-invasive method to identify viable embryos at Day 0. Only 
eggs showing active embryonic development were included to ensure sample homogeneity.

Product Information 

Table 1. Product information among treatments

Characteristics Product X Product Y Product Z

Texture Dry granules, somewhat 
coarse salt, slightly powder

Fine granules and powdery Fine granules and powdery

Color Yellow Light yellow Off white, yellowish pale
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Net Weight per sachet 8g 8g 4g

Ingredients Iodized salt, Flavor enhancers 
(Monosodium glutamate, 
Ribonucleotide), Sugar, 
Garlic, Chicken fat, Onion, 
Spices, Nature-identical 
flavor, Chicken meat, Egg 
yolk

Iodized Salt, Flavor Enhancer 
(Monosodium Glutamate, Disodium 
Ribonucleotides), Dextrin (Bulking 
Agent), Sugar, Garlic, Spices 
(Onion, Black Pepper), Nature-
Identical Meat Flavors, Silicon 
Dioxide (Anticaking Agent), 
Chicken Fat, Chicken Extract, 
Artificial Garlic Flavor

Coconut Oil, Soy Sauce (Water, 
Soybean, Salt, Preservative 
[Potassium Sorbate (E202)], 
Maltodextrin, Flavour Enhancers 
(Monosodium Gluamate E621, 
Disodium 5’-inosinate E631, 
Disodium 5’-guanylate E627), 
Salt, Cane Sugar, Artificial 
Chicken Flavour, Dehydrated 
Vegetables (Carrots, Chives), 
Acid (Citric Acid E330), Spices 
(Onion, Garlic), Colour (Caramel 
Colur E150d), Citrus Flavour.

Nutritional Value

Energy 3 kcal (<2 % RENI) 2 kcal (<2 % RENI) 3 kcal (<2 % RENI)

Fat 0,04g 0g 0,01g

Saturated Fat 0,01g 0g 0,01g

Trans Fat 0mg 0g 0g

Cholesterol 0mg 0g 0,7g

Sodium 502mg 200mg 143mg

Carbohydrates 0,4g 0 0,48g

Dietary Fiber 0g 0 0,3g

Sugar 0,2g 0 0,25g

Protein 0,3 g (<2 % RENI) 0,3 g (<2 % RENI) 0,3 g (<2 % RENI)

Preparation of Treatment Solutions
Commercially available sachets of Product X, Y, and Z were sourced from local retailers. For each treatment, 

1000 mg of the seasoning was dissolved in 10 mL of sterile distilled water to create a 10 % (w/v) solution 
(equivalent to 100,000 ppm). Solutions were stirred, filtered through sterile paper to remove particulates, and 
stored in clean, labeled containers at room temperature. These were used immediately to ensure consistency 
and prevent degradation.

CAM Assay Procedure
On Day 0, the selected fertilized duck eggs were cleaned and incubated at 38 °C with 60 % relative humidity 

in a portable incubator. On Day 5, 0,5 mL of the appropriate treatment solution was aseptically injected into 
the air sac of each egg using a sterile syringe. The control group received sterile distilled water. Eggshells were 
resealed with parafilm and incubated for another 48 hours.

On Day 7, a small window was carefully opened at the blunt end of each egg to expose the CAM. Blood vessel 
formation was assessed visually and documented. Vessel quantification was performed using ImageJ software 
by counting vessels within a defined field of view.

Experimental Design and Reproducibility
A completely randomized design was implemented with four groups (Control, Product X, Product Y, and 

Product Z), each consisting of 5 replicates (eggs). This protocol can be replicated using the same concentrations, 
incubation parameters, injection technique, and vessel quantification method as described.

Variables
•	 Independent Variable: Type of treatment (Control, Product X, Y, Z)
•	 Dependent Variables:

o	 Blood vessel count (angiogenesis)
o	 Embryo mortality
o	 Percent inhibition of blood vessel formation

•	 Controlled Variables: Incubation conditions (temperature, humidity), solution concentration, 
injection volume, and exposure time.

Data Recording and Statistical Processing
Data on vessel counts were recorded in Microsoft Excel and statistically processed using SPSS v25. Descriptive 
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statistics (mean ± standard deviation) were calculated. A one-way ANOVA was used to determine significant 
differences among groups (α = 0,05).

Methodological Definitions
•	 CAM Assay: An in vivo technique utilizing the vascularized membrane of avian embryos to assess 

angiogenesis.
•	 Angiogenesis: Defined as the observable growth of new blood vessels in the CAM within a predefined 

field.
•	 Percent Growth / Inhibition: Indicators of angiogenic activity relative to the control group, based 

on vessel count differentials.

Ethical Considerations
Though fertilized avian embryos are not classified under animal ethics legislation before a certain 

developmental stage, all handling followed institutional biosafety and ethical guidelines of MSU-IIT. The use of 
early-stage embryos in this study minimized ethical concerns. Embryos were humanely disposed of after the 
experiment.

RESULTS

Figure 1. Blood vessel development in duck eggs under different treatments. A. Control – very high branching. B. Product 
X – slightly reduced branching. C. Product Y – low branching. D. Product Z – very low branching

Figure 2. Image shows original color and blood vessel count values annotated using ImageJ multi-point tool
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Vessel analysis in angiogenesis entails the quantitative evaluation of blood vessel formation and remodeling 
within biological tissues. This analytical method is essential for comprehending the dynamics of angiogenesis, a 
physiological process defined by the development of new blood vessels from existing ones. Figure 2 illustrates 
the assessment of blood vessel counts 48 hours after the treatment.

Blood Vessel Count

Figure 3. Mean blood vessel count (± SD) among treatment groups at 100,000 ppm concentration

Figure 4. Mean blood vessel count (± SD) for different treatments at 100,000 ppm concentration

Figure 3 displays the vessel counts across different treatment groups, including a control group and three 
products (X, Y, and Z). Control group has the highest mean vessel count at 109, indicating a robust vascularization 
compared to the other treatments. Product X group mean vessel count is significantly lower at approximately 
74,95, suggesting that this product has some inhibitory effect on blood vessel formation. Product Y group shows 
an even more reduced mean count of 27,42, indicating a stronger inhibition of vessel formation compared to 
Product X. With the lowest mean vessel count at 4,2, Product Z appears to have the most substantial inhibitory 
effect on angiogenesis. Results on the blood vessels counts a clear trend where the control group has the highest 
vessel counts, while the treatments progressively inhibit blood vessel formation, with Product Z exhibiting the 
strongest inhibitory effect.

Figure 4 shows box plot of blood vessel count by treatment groups; the Control group promotes the most 
blood vessel formation. All three products (X, Y, Z) significantly reduced blood vessel counts compared to the 
Control. Among the products, Product Z showed the greatest inhibition, though its effect is not statistically 
different from the other two (X and Y). This suggests all three seasonings have a suppressive effect on blood 
vessel formation, with Product Z showing the strongest (but not uniquely significant) impact.
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Figure 5. Duck egg mortality in the CAM assay for each treatment group

In a CAM (Chorioallantoic Membrane) assay conducted using duck eggs, embryo mortality was assessed 
across four treatment groups: Control, Product X, Product Y, and Product Z. The control group exhibited no 
mortality, indicating that the incubation conditions and handling procedures were not inherently harmful to 
embryonic development, consistent with established CAM assay protocols. In contrast, one egg died in the 
Product X group, suggesting a mild adverse effect on embryo viability. Product Y and Product Z both recorded 
two egg deaths, indicating a more significant impact compared to the control and Product X.

Table 2. Treatment groups and its corresponding percent growth and percent inhibition

Treatment Groups % growth % inhibition

Control 100 % 0 %

Product X -34,86 % 65,14 %

Product Y -18,35 % 81,65 %

Product Z -3,85 % 96,15 %

Table 2 outlines the treatment groups along with their corresponding percent growth and percent inhibition 
values. The control group serves as the baseline, showing a percent growth of 100 % and a percent inhibition 
of 0 %, indicating normal blood vessel growth without any inhibitory effects. In contrast, Product X exhibits 
a percent growth of -34,86 %, reflecting a decrease in vessel growth, and a percent inhibition of 65,14 %, 
suggesting a significant inhibitory effect on angiogenesis. Product Y shows a percent growth of -18,35 %, 
indicating a reduction in growth that is less severe than that of Product X, while its percent inhibition of 81,65 % 
demonstrates its effectiveness in suppressing blood vessel formation. Finally, Product Z has a percent growth of 
-3,85 %, indicating minimal reduction in vessel growth, but it achieves the highest level of inhibition at 96,15 %, 
suggesting it is the most effective at preventing angiogenesis among the treatments. Results illustrate a trend 
where each treatment progressively inhibits blood vessel formation, with Product Z being the most effective.

Table 3. One-way ANOVA Summary for Blood Vessel Formation

Source Df Sum Sq Mean Sq F value Pr(>F) Significance

Group 3 32,339 10,780 7,93 0,00184 **

Residuals 16 21,796 1,361

Notes: Significance codes: 0 “0,001 “0,05 ‘,’0,1 “1

There is a statistically significant difference in blood vessel counts (p = 0,00184) among at least one of the 
treatment groups (Control, Product X, Y, or Z). This means there is strong evidence to suggest that at least one 
group differs significantly from the others in terms of blood vessel formation. The p-value of 0,00184 is less 
than 0,01, indicating a highly significant result. All tested food seasoning products (X, Y, Z) significantly reduced 
blood vessel formation compared to the control group. However, there is no statistically significant difference 
among the three products themselves in terms of their inhibitory effect.
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DISCUSSION
Food seasonings, particularly certain amino acids and bioactive compounds found in them, can significantly 

influence angiogenesis during embryonic development. Among these, glutamate has garnered attention due to 
its critical signaling role in early embryogenesis. Recent research demonstrates that glutamate can activate 
metabotropic receptors in mouse blastocysts, suggesting a regulatory function in embryo development.(33) This 
glutamate-mediated signaling is vital for maintaining vascular homeostasis during early growth stages, thereby 
highlighting its potential influence on angiogenic processes.

Monosodium glutamate (MSG), a widely used flavor enhancer, is one such compound that has been shown 
to affect embryonic tissues. Notably, MSG can cross the placental barrier, and maternal administration has 
been associated with adverse histological changes in the placenta, potentially disrupting key angiogenic 
pathways necessary for normal embryonic development.(34) This underscores the broader importance of dietary 
components in shaping embryonic vascular outcomes.

In addition to MSG, other agents like lipopolysaccharides (LPS) have also been found to induce angiogenesis 
in developing embryos. Evidence shows that LPS can trigger vascular proliferation through endothelin receptor 
interactions, suggesting a complex interplay among nutritional elements, inflammation, and angiogenic 
signaling during crucial phases of embryogenesis.(35) These findings prompt further investigation into the role of 
food seasonings and their metabolites in modulating vascular growth during development.

However, it is crucial to recognize that the overall impact of such dietary factors depends on a delicate 
balance of oxidative stress, cytokine production, and other physiological responses. Studies indicate that 
fluctuations in these parameters—often triggered by food-based additives—can either enhance or suppress 
angiogenesis, further illustrating the dual and dose-dependent nature of these effects.(34,29)

This complexity is further evidenced by the results of the current CAM assay, where an increasing trend 
in embryo mortality was observed from the control group to the treated groups. This suggests that Products 
X, Y, and Z may exert varying degrees of toxicity or antiangiogenic effects on embryonic development.(37) The 
higher mortality rates observed in the Product Y and Z groups support the possibility of stronger cytotoxic 
or angiogenesis-inhibiting properties in these seasonings.(36,38) While Product X appeared less impactful, it 
nonetheless showed a measurable adverse effect on embryo viability.

These findings point to the need for more detailed analyses to clarify the underlying mechanisms of 
embryonic mortality. Histological assessments or vascular quantification could help determine whether the 
observed outcomes result from direct cytotoxicity, angiogenesis disruption, or other forms of developmental 
interference.(38,37)

The observed antiangiogenic effects align with a growing body of evidence concerning the properties of 
bioactive compounds in food seasonings. For instance, curcumin from Curcuma longa (turmeric) has been shown 
to downregulate VEGF signaling, impairing endothelial cell proliferation and tube formation.(39,40) Similarly, 
β-sitosterol, a phytosterol found in plant-based seasonings, disrupts VEGF pathways and has demonstrated 
efficacy in reducing pathological neovascularization.(41) Another promising compound, astragaloside IV—derived 
from traditional nutraceuticals—has been reported to suppress hepatocellular carcinoma-induced angiogenesis 
by regulating exosome-mediated cellular communication.(42)

Additional plant-derived constituents have also shown antiangiogenic potential. Tylophorine from Ficus 
septica, for example, significantly inhibits VEGF-driven angiogenesis by interfering with endothelial cell 
proliferation and migration.(43) Likewise, essential oils from Curcuma phaeocaulis have demonstrated tumor 
vessel normalization and reduced aggressiveness through antiangiogenic activity.(44) Together, these findings 
suggest that compounds present in food seasonings could serve as adjunctive tools in regulating aberrant 
vascular growth.

Interestingly, the effects of MSG itself remain context-dependent. While some studies highlight its potential 
to impair angiogenesis via oxidative stress and the upregulation of pro-inflammatory cytokines such as IL-6 
and TNF-α, others suggest that MSG may enhance VEGF secretion and aid tissue repair in certain conditions.
(45,46) This dual nature illustrates the complex and sometimes contradictory influence of dietary additives on 
angiogenesis.

In summary, the present findings, supported by the growing body of literature, reinforce the antiangiogenic 
potential of certain food seasonings and their bioactive components. Incorporating these substances into the 
diet could provide both preventive and therapeutic benefits in pathological contexts characterized by abnormal 
blood vessel formation, such as cancer and chronic inflammation. Continued research into these naturally 
occurring compounds may contribute to the development of novel and accessible angiopreventive strategies.

CONCLUSIONS
This study established that selected food seasonings can modulate angiogenic activity and embryonic viability, 

indicating their potential influence on vascular development. The findings suggest a formulation-dependent 
biological response, likely linked to specific additives such as monosodium glutamate. These outcomes affirm 
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the utility of the CAM assay as a model for preliminary toxicological screening of dietary compounds. The 
observed effects highlight the relevance of regulating exposure to food additives during sensitive stages of 
development. Future research should explore concentration gradients and morphological endpoints to deepen 
understanding of their mechanistic and developmental impacts.
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