
The food and health industries increasingly rely 

on natural mineral agents for processing efficiency and 

safety assurance (Shirvani et al., 2023). Natural fining 

agents—specifically bentonite, sepiolite, and gelatin—

are highly effective in fruit juice clarification and 

mycotoxin decontamination (Hamad et al., 2023; Jafari 

et al., 2024). While their therapeutic and industrial 

benefits are evident, the natural geological formation of 

these clays can introduce hazardous elements and 

heavy metals, raising severe public health concerns 

regarding their direct consumption (Demaegdt et al., 

2021; Özmen, 2016). This study reviews the efficacy of 

natural fining agents in food processing while critically 

evaluating their safety profile for human health in the 

context of geogenic risks.

The primary objective of this research is to 

evaluate the efficacy of natural fining agents (bentonite, 

sepiolite, and gelatin) in fruit juice clarification and 

mycotoxin (Aflatoxin M1) decontamination. 

Furthermore, it aims to establish food safety boundaries 

by investigating potential geogenic and chemical risks, 

such as sodium leaching, bioaccessible arsenic toxicity, 

and heavy metal/silica anomalies found in traditional 

edible clays, to ensure consumer safety.

This study employed a mixed "comprehensive review and 

empirical case synthesis" approach to investigate the risk-benefit 

relationship between industrial applications and traditional uses of 

clays. Data regarding juice clarification and Aflatoxin M1 (AFM1) 

adsorption capacity were collected through a comprehensive 

literature review (Jafari et al., 2024; Mirzaaghaei et al., 2018; 

Hamad et al., 2023). The toxicological and geogenic safety of clays 

used in traditional food processing (e.g., molasses clarification) 

was evaluated through an empirical case study. In this context, 33 

traditional clay samples ("pekmez toprağı") were collected 

from 18 different locations in the Denizli region of Turkey, and 

their mineralogical and chemical compositions were analyzed 

using X-ray Diffraction (XRD), X-ray Fluorescence (XRF), 

Fourier Transform Infrared Spectroscopy (FTIR), and Scanning 

Electron Microscopy (SEM) techniques (Özmen, 2016).

• In industrial fruit juice processing, a combination of 1.5 

mg/mL gelatin and 1 mg/mL bentonite completely inhibited 

microbial growth in Indian gooseberry juice (Jafari et al., 

2024), while acid-activated sepiolite-based combinations 

achieved a 99.7% reduction in turbidity in apple juice 

(Mirzaaghaei et al., 2018). 

• However, sodium-activated bentonites used in apple juice 

resulted in up to 8.4 mg/L sodium release into the final 

product (Valdhuber & Pulko, 2022). 

• In milk, specific bentonite variants (HAFR 3) 

demonstrated up to 98.5% adsorption efficiency for 

Aflatoxin M1 (Hamad et al., 2023). 

• Regarding safety parameters, dietary clay supplements 

were found to contain bioaccessible inorganic arsenic 

ranging from 8% to 51% (Demaegdt et al., 2021). 

• Furthermore, empirical XRD and XRF analyses 

conducted within the case study revealed critical 

silica (SiO2) anomalies up to 44.31%, along with 

heavy metal anomalies such as titanium (TiO2, up to 

0.63%) and chromium (Cr2O3, up to 0.04%) in 

traditional clays used directly in food (molasses) 

clarification (Özmen, 2016).

The results highlight a "Medical Geology Paradox" in the use 

of natural clays and fining agents. While the electrostatic properties of 

bentonite and sepiolite make them superior agents for eliminating 

turbidity-causing structures and carcinogenic AFM1 (Hamad et al., 

2023; Shirvani et al., 2023), they pose significant risks when used raw 

or unpurified. The arsenic levels in commercial ingestible clay 

products (Demaegdt et al., 2021) and the empirically proven 

extreme silica and chromium/titanium levels (Özmen, 2016) 

demonstrate that high adsorption capacity is a double-edged sword. 

Clays can successfully sequester toxins in food, but without 

mineralogical purification, they directly expose humans to geogenic 

risks such as cellular mutation, heavy metal toxicity, and silicosis.

Natural clays and fining agents offer highly efficient 

performance in fruit juice clarification and mycotoxin detoxification. 

However, as clearly demonstrated by empirical findings and safety 

assessments (Özmen, 2016), the application of clays cannot be 

considered independent of toxicological screening. To guarantee 

consumer safety, elemental leaching (e.g., sodium) must be 

monitored during industrial food processing, and both commercial 

dietary clays and raw materials used in traditional food preparation 

(e.g., molasses) must be strictly regulated and purified for heavy 

metal and silica content.

• Demaegdt, H., Waegeneers, N., Cheyns, K., & Ruttens, A. (2021). Does arsenic pose a health

concern after consumption of clay products? Food Additives & Contaminants: Part A, 38(1), 113-

124.

• Hamad, G. M., El-Makarem, H. S. A., Allam, M. G., et al. (2023). Evaluation of the Adsorption

Efficacy of Bentonite on Aflatoxin M1 Levels in Contaminated Milk. Toxins, 15(2), 107.

• Jafari, S., Shiekh, K. A., Mishra, D. K., Kijpatanasilp, I., & Assatarakul, K. (2024). Combined

Effects of Clarifying Agents Improve Physicochemical, Microbial and Sensorial Qualities of

Fresh Indian Gooseberry (Phyllanthus emblica L.) Juice during Refrigerated Storage. Foods,

13(2), 290.

• Mirzaaghaei, M., Goli, S. A. H., & Fathi, M. (2018). Clarification of apple juice using activated

sepiolite as a new fining clay. Clay Minerals, 52(4), 497-508.

• Özmen, H. (2016). Determination of heavy metal content of marl using in Denizli and around

[Master's thesis, Akdeniz University].

• Shirvani, A., Mirzaaghaei, M., & Goli, S. A. H. (2023). Application of natural fining agents to

clarify fruit juices. Comprehensive Reviews in Food Science and Food Safety, 22(6), 4190-4216.

• Valdhuber, J., & Pulko, B. (2022). The Impact of Bentonite Fining on Apple Juice Clarity and

Sodium Content. Agricultura Scientia, 19(2), 21-28.

• Acknowledgements: We acknowledge the Akdeniz University Scientific Research Projects

Coordination Unit (BAP, Project No: FYL-653) for funding the empirical analyses of the

molasses clays case study. Special thanks to Antalya Dört Mevsim Gıda Tarım Ambalaj San.

Tic. A.Ş. for their continuous support and sponsorship for the EGU26 General Assembly

participation.

We gratefully acknowledge the financial support provided by the Akdeniz University Scientific Research Projects Coordination Unit (BAP, 
Project No: FYL-653) for the empirical analyses conducted within the scope of the master’s thesis study on traditional pekmez clarification clays. 
We would also like to express our sincere gratitude to my thesis advisor, Prof. Dr. M. Gürhan Yalçın, for his valuable academic guidance, scientific 
contributions, and continuous support throughout the study. Special thanks are also extended to Antalya Dört Mevsim Gıda Tarım Ambalaj San. 
Tic. A.Ş. for their continuous support and sponsorship for participation in the EGU26 General Assembly.


	Slayt 1

