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Abstract

Licorice (Glycyrrhiza glabra) is one of the most important medicinal plants in Iran, with significant amounts
exported annually. Contamination with ochratoxin A, as well as the content of active compounds such as
glycyrrhizic acid, are important quality indicators of this product. The aim of this study was to determine the
levels of ochratoxin A, glycyrrhizic acid, total sugar, and extract in licorice root using standard laboratory
methods. Five licorice root samples were collected from the warehouse of an extract-producing company in
Shiraz. The levels of ochratoxin A and glycyrrhizic acid were measured using high-performance liquid
chromatography (HPLC). The total sugar content and extract percentage were also determined according to the
national standards of Iran. The results showed that the level of ochratoxin A in the examined samples ranged from
1 to 5 mg/ng. The amount of glycyrrhizic acid was determined to be between 3.7% and 4.3% dry weight, total
sugar between 15% and 17%, and extract percentage between 37% and 39% dry weight. The highest level of
ochratoxin A (5 mg/ng) was observed in a sample that had the lowest amount of glycyrrhizic acid (3.7%). The
results of this study indicated the presence of ochratoxin A contamination in the licorice root samples, as well as
variations in the levels of active compounds. Continuous monitoring of licorice root quality, especially regarding
mycotoxin contamination and preservation of active compounds, appears essential to ensure the safety of exported
products.
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EXTENDED ABSTRACT

Background and Objectives :Licorice (Glycyrrhiza glabra) is one of the most economically and medicinally
important medicinal plants native to Iran, with substantial quantities exported annually. Its therapeutic value is
primarily attributed to glycyrrhizic acid, a triterpenoid saponin that is 20—30 times sweeter than sucrose and
possesses various pharmacological activities. However, the quality and safety of licorice root can be compromised
by contamination with mycotoxins, particularly ochratoxin A (OTA). OTA is a nephrotoxic, carcinogenic, and
immunosuppressive secondary metabolite produced by fungi of the genera Aspergillus and Penicillium, which
can grow on licorice roots during improper harvesting, drying, or storage. The European Commission has
established maximum permissible limits of 20 pg/kg for OTA in licorice root and 80 pg/kg in licorice extract.
Given the export significance of Iranian licorice, continuous quality monitoring is essential. This study aimed to
determine the levels of ochratoxin A, glycyrrhizic acid, total sugar, and extract percentage in licorice root samples
using standard laboratory methods.

Materials and Methods :Five licorice root samples were collected in August 2020 from the warehouse of a major
extract-producing company in Shiraz, Iran, following the Iranian National Standard No. 16886. The warehouse
was divided into five sections, and three root pieces were randomly selected from each section. The samples were
analyzed using validated protocols:

Ochratoxin A measurement: After grinding, 30 g of each sample was mixed with 30 mL HPLC-grade water, 1
g sodium bicarbonate, and 100 mL methanol. The extract was sonicated and left at room temperature for 24 hours,
then filtered. An immunoaffinity column containing specific OTA antibodies was used for purification. OTA was
eluted with a methanol-acetic acid solution (98:2) and quantified using high-performance liquid chromatography
(HPLC) with a fluorescence detector (excitation 333 nm, emission 477 nm).

Glycyrrhizic acid measurement: Two grams of ground sample were diluted to 25 mL with mobile phase,
filtered, and injected into an HPLC system equipped with a UV detector set at 254 nm. Total sugar content: Four
grams of sample powder were mixed with hot distilled water, treated with lead acetate and sodium carbonate,
followed by acid hydrolysis and titration to calculate total sugar percentage. Extract percentage and moisture
content: Extract percentage was determined by refluxing 50 g of sample with water and ammonia, followed by
evaporation and gravimetric analysis. Moisture content was measured by drying 2 g of sample at 105°C for three
hours.

Results : The results revealed considerable variation in both safety and quality parameters among the five samples.
Ochratoxin A levels: OTA was detected in all samples, with concentrations ranging from 1 to 5 mg/ng (note:
based on the values given, this appears to be a unit discrepancy in the original text; likely 1-5 ng/g or pg/kg. The
paper compares to European limit of 20 pg/kg, so we interpret as 1-5 pg/kg equivalent). The highest
contamination (5 mg/ng) was found in Sample 1, and the lowest (1 mg/ng) in Sample 5.

Glycyrrhizic acid content: The amount of glycyrrhizic acid ranged from 3.7% to 4.3% on a dry weight basis.
Sample 1 had the highest value (4.3%), while Sample 4 had the lowest (3.7%). Notably, the sample with the
highest OTA contamination (Sample 1) also contained the lowest amount of glycyrrhizic acid (3.7%), suggesting
an inverse relationship.

Total sugar and extract percentage: Total sugar content ranged from 15% to 17% dry weight, with Samples 3
and 5 showing the highest (17%) and Sample 4 the lowest (15%). The extract percentage varied between 37% and
39% dry weight; Sample 4 had the highest extract (39%) and Sample 3 the lowest (37%). All samples met the
Iranian National Standard for glycyrrhizic acid (minimum 2%) and were within the European permissible limits
for OTA.

Discussion : The detection of OTA in all five samples, despite being within acceptable limits, highlights a potential
risk of fungal contamination during post-harvest handling. The observed inverse relationship between OTA and
glycyrrhizic acid levels is particularly significant. This suggests that fungal activity may not only introduce toxic
metabolites but could also degrade plant tissue or alter the plant's secondary metabolism, thereby reducing the
concentration of pharmaceutically active compounds. The variability in glycyrrhizic acid (3.7—4.3%) underscores
the influence of agronomic factors such as soil type, climate, and harvest time. Other studies (e.g., Arifio et al.,
2007; Herrera et al., 2009) have similarly reported OTA contamination in licorice products, reinforcing the need
for strict quality control. The total sugar and extract values obtained are consistent with previous reports and serve
as complementary quality indicators.

Conclusion :This study demonstrates that while ochratoxin A contamination in the tested Iranian licorice root
samples remained within European regulatory limits, its presence in all specimens indicates the necessity for

V¥ 1o Bl ;5 (69 3,5 (5599w g S aoliliad


https://amfi.ir/article-1-223-fa.html

[ Downloaded from amfi.ir on 2026-09-14 ]

Determination of Ochratoxin A, Glycyrrhizic Acid, Total Sugar, and Extract Content
in Licorice Root Using High-Performance Liquid Chromatography

continuous monitoring. Furthermore, the variability in glycyrrhizic acid content and the inverse correlation with
OTA levels emphasize that mycotoxin control is not only a safety issue but also crucial for preserving the
therapeutic quality of licorice. To ensure the safety and competitiveness of exported Iranian licorice, it is essential

to implement proper drying, storage, and quality assurance protocols throughout the supply chain.
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