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Mitchell, N. J., et al B 1.70[1.41, 1.99) 598
Naz, N., etal [ | 1.86[1.72, 2.00] 6.09
Heterogeneity: 7 = 1.24, I = 98.57%, H’ = 69.76 == 2.75[ 1.64, 3.85)

Test of 8 = 8 Q(3) = 184.67, p = 0.00

2018

Leonardo Fonseca Maciel B 450(432 468 6.07
Assungao, R., et al 1.64[0.84, 2.44] 522

Heterogeneity: 1° = 4.00, I = 97.85%, H' = 46.42 ——-.-040—{ 0.30, 5.90]

Test of 8, = 6;: Q(1) = 46.42, p = 0.00

2021
Alana Greaves - 3.75[3.32, 4.18] 5.83
Kowalska, G., & Kowalski, R. —— 1.73(0.75, 2.71) 4.87

Heterogeneity: T° = 1.89, I = 92.69%, H' = 1367 S 279 [ 0.81, 4.77]

Testof 8, = 8: Q(1) = 13.67, p = 0.00

2022
Xianjiang Li E B 2.70[2.39, 3.01] 5.97
Demirhan, B. E., & Demirhan, B. t ] 224[2.02, 2.46] 6.05
Zapasnik, A., et al E o 095[0.62, 1.28] 595
Heterogeneity: T = 0.79, I = 97.41%, H’ = 38.65 R 1.97 [0.95, 2.99]

Testof 6, = 6;: Q(2) = 61.30, p = 0.00

Overall R 2.46[1.98, 2.94]
Heterogeneity: T =097, I = 98.56%, H’ = 69.62
Test of 8, = 8;: Q(16) = 960.30, p = 0.00

Test of group differences: Qu(4) = 1.76, p = 0.78

Random-effects REML model
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o 3 T S 1 ST Sl 5 g

Effect size Weight

Study with 95% CI (%)
HPLC

Rupesh K Mishra ) 2.18[2.06, 2.30] 6.10
Skrbi¢, B. et al - 3.75[3.44, 4.06] 5.97
Kowalska, G., & Kowalski, R. —— 1.73[0.75, 2.71) 4.87
Malvano, F., et al E = 2.16[1.85, 2.47] 5.97
Mitchell, N. J., et al g B 1.70[1.41, 1.99] 598
Naz, N., et al o 1.86[1.72, 2.00] 6.09
Zapasnik, A., et al - 0.95[0.62, 1.28] 595
Heterogeneity: T° = 0.72, I = 98.17%, H" = 54.61 P 2.06 [ 1.41, 2.70)

Testof 8,=6: Q(6) = 172.88, p = 0.00

LC
Leonardo Fonseca Maciel

B 450([4.32 468] 6.07

Xianjiang Li - 2.70[2.39, 3.01] 5.97
Elena Cubero-Leon —- 3.70[3.31, 4.09] 5.88
Alana Greaves —— 3.75(3.32, 4.18] 583
Assungao, R., et al —— 1.64[0.84, 2.44] 5.22
Demirhan, B. E., & Demirhan, B. ] 2.24[2.02, 2.46] 6.05
Heterogeneity: T° = 1.07, I = 97.86%, H" = 46.67 P 3.12[2.27, 3.96]

Test of 6 = 6;: Q(5) = 301.98, p = 0.00

MIP

Gaélle Catanante g 3 2.94[2.69, 3.19) 6.02
Catanante, G_, et al - 1.15[0.78, 1.52] 5.90

Heterogeneity: 7° = 1.58, I = 98.35%, H’ = 60.45 -

Testof 8, = 6;: Q(1) = 60.45, p = 0.00

DPV

Rupesh K Mishra

Heterogeneity: ¥=0.00,F=.%H=.
Test of 6, = 6;: Q(0) =0.00,p =.

PCR

Femanda Pelisson Massi
Heterogeneity: 1° = 0.00, I’ = %, H* = .
Test of 8, = 6;: Q(0) =0.00,p =.

Overall
Heterogeneity: 1° = 0.97, I = 98.56%, H" = 69.62
Test of 8 = 6; Q(16) = 960.30, p = 0.00

Test of group differences: Q.(4) = 35.58, p = 0.00

2.05[0.30, 3.80]

= 1.97[1.77, 2.17] 6.06
& 1.97 [1.77, 2.17]
m 2.69[253, 2.85] 6.08
¢ 2.69[2.53, 2.85]
> 2.46 [ 1.98, 2.94)
1 2 3 4 5

Random-effects REML model
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Background and Objective: Given the harmful effects of Ochratoxin A on living
organisms—particularly humans—and its potential to cause various severe health outcomes,
a systematic review and meta-analysis was conducted to assess the concentration of
Ochratoxin A in cocoa and cocoa-based products.

Materials and Methods: After reviewing and searching for keywords including Ochratoxin
A, cocoa, and meta-analysis, 17 studies were ultimately selected from an initial pool of
1,482 articles published between 2016 and 2022. The selection was carried out through
four screening stages using international databases such as Web of Science, PubMed, and
ScienceDirect, as well as search engines like Google Scholar and SID. The results and data
were analyzed using meta-analysis methods in STATA version 17.

Results: The average concentration of Ochratoxin A reported in studies from various
continents and countries was 2.461 pg/kg. The highest average concentration was observed
in the Americas (3.16 pg/kg), while the lowest was reported in Asia (2.13 pg/kg). By
publication year, the highest concentration was recorded in 2018 (4.5 png/kg), and the lowest
in 2022 (0.95 pg/kg). Among analytical methods, liquid chromatography—mass spectrometry
(LC-MS) reported the highest average concentration of Ochratoxin A, at 3.11 ug/kg.
Conclusion: The concentration of Ochratoxin A has shown a decreasing trend, which may
be attributed to the implementation of preventive measures and strategies to inhibit its
production or reduce its levels on farms. Additionally, the LC method demonstrated greater

detection sensitivity compared to other analytical techniques.

Please cite this article as: Khammar M, Sadighara P, Jahed-khaniki Gh, Molaee-aghaee E. Prevalence and concentration of Ochratoxin A in
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