[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YA B YVO Glrro N F+F il g0 o)lads « paze 0,90

&

Available online: https://ijhe.tums.ac.ir

Bl Sl g0 Alis

(@

£

%K

sevell ¢y
KA
s
(AEH) |

%,
0, O
" Of Enyiron™®

il 3 g o ol 19 50 S 2] (g9l (5 02903 9 SIS 40 T (a1 bl g £ g

*.\*.\Glté] cslyﬁ‘ r"-:-‘”‘ﬂ‘ ‘”u‘_i;_}l} sals Lo ol “])'\ G Lus “).4.5 o)e{JaA

Ol et ol s (S pole ol ciilagy caSliils clasre Culilagy owdige 09,5 <)
U‘)" ‘Q‘)’ef‘ ‘Q‘)’ef‘ LSi"‘J)) r:sl.c olKisls 4‘5..:1.;...: W")) 9 Aig)..xa ouSiials 4‘;14.: el.uo 9 'BsLC 05; -y

ol zall i ol M LI

Wl o 4 o sl 03150 5 005 Dlogzge 10 T esh S 1,51 Lol Sl il 4 ar g i g ddone VFoF [T/ redl o gu b

PoeeS 15T lle (sl lalline 5ollillie 5 i ol 5950 w095 s 5 Bizee Solse & e (o o) g g ‘J‘-";-’S é.:,ls

: el ol e s 558 0 et rane by

561 g SIS ] (S 51,512 Jols i 0590 (5lo 03130015 (g2 9 (o2 5 2 Fewa 2 P9 N RIR TS u"w é.:)ls‘
¥ie g )

Gkl dlis VW coles jo o Sbye al> o F (b YV E-Y-TY Sloj o3l o adgl aslllas VFAY 5
s> o530 3 Web of Science, PubMed, Science Direct asile sledbl sla oL
D58l p5 g 5bTlie g, 5l eoliinl b b ools § gl s wlsesl Google Scholar, SID wsile
~wad s STATA v17
Sl il se slayy 55 5 lao,l 5 5l eVlie ;5 T S il,S1 £ards olime peSils sbbaxdly ) )
19 Slis o2 piaS 5 (P18 UGIKG) S ol )6 15 1 g5 cyansS 51,51 gt o i 052 VIE) pg/kg 508 S ol oS 53151 2 g0lS (455l
S 5 IO UGIKG 21 Y VA Jlo @ bogsye sty Jlo con 2 5 5 (VY UgTKG) LT o5 5T s pllai 5550 ¢ 2l3 Slga
clile L (LC-MS) mbs 8l Ssiles,S og, 05 +/20 HEIKE Joleo Y+YY Jlo & by e
28 G 1 T g oS 51,51 50 baogio ke ity X)) HG/KE £50
oo @ g (o a5 ol 4B T iy g0 2alS Wiy T s S 1 ST Al £ 16 S Az
2l g)lie )3 ol e il BBl 4 b o nl 0l Cunilos 5 (6 Ky (slat) 5l eolinal
gl b (agy bl ay Cond 3L paseis B LC (o) (eizeen

F o © o 95 (g I Cnnsy

emolaceaghace@tums.ac.ir

Please cite this article as: Khammar M, Sadighara P, Jahed-khaniki Gh, Molaee-aghaee E. Prevalence and concentration of Ochratoxin A in
cocoa and its products: a systematic review and meta-analysis. Iranian Journal of Health and Environment. 2025,18(2):375-90.

Copyright © 2025 Iranian Association of Environmental Health< and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
A= creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted« provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

D) oV e ) S ol W S LS

(Shikimic acid) SeeSds apwl jme 3l oad s

o 0szs 5w il Slalllas ol s opdle sl 00l o
P s L (St sl S5, alS lag,ls o,
Syl 500,58 gt Lo 4wl sols lis g,k Ol
oy 5 ol ol Bim T g5 S il,ST YL 5]~
wile Ygame 10 opods cllus cpl .l Jleis Slaé
F385 el mnl i )s GV Slex sl a5 Sl
AAY) aeo o las | ‘_j%ﬂ

2 oSl 5 T g SISt Glejen Se2s
eSS O ol ons B)5F S Y gans
S slaails ;o a5 conl ppo S $eolo b T g4
@ P oS wdgi slo,eiS 5l gl jo )l g2
alo OYgame ¢ S5 slawls )0 00,508 5 duxie job
o Jlo 55 0TV ) cal o 5 SIS sle
S glo als Jlml glo ool oylys SIS el
Sllse> 5 olasl codles 1 T g5 eSSt 4y ool
ol b Slllas ;0 (VYY) cewl o0g iulidl & o,
Sl aiss cpaiz sl T e eSSl ST as ol oo ools
SewSggila (Nephrotoxic) SeuSgg,a bl
SenS $igiges] ¢ (Teratogen) 541,53 (Hepatotoxic)
aJS sla,gegs sbml celb ¢ cwl (Immunotoxic)
OF Q) 0gdio 2o Ghge g (g )0 05
dlge sl oa¥l ny @l 5l S 1 ey peSlS]
5 rT s S la ogee wlyd cosgd oD aiile olié
(8 N0) el ie5 DY gae

03,518 5 U o 1 g5 oS 1,51 g il oy ity
VA Jloa bgrye gy 990 gl Jlos o 2 T gl
RS 5 Y10 ug/kg ol ol SKen ¢ Maciel adllas 4
o) Ken g Zapasnik aslllas o Yo VY Jlo @ bgs e jlaie
OANY) casloas (3155 +120 pglkg Joles

oy d gl anlllas 4o (Y4 Y+) ol Ken g Yazdanpanah

Yve

0 T Sl ST il 5 g

dodio
L oo Y X (Theobroma cacao L) glsls als
Slge 4 o1 5 eolatwl o oy 4 ol oo Lol
dga> (V) cwl olae slae 5l g0l sl jo cole SO
ey lel adhie o a0 S adgi 3l as o Ve
(5 5 65 0 el gyl Gble jo i g B
2550 pll Lol (6 yana S 3bLs 5 )5 pliz (S
@35 Wby sl Gy @ ]y ol SUL g
Shom Jole g ST clsy llyh 5 oS (oo hos
50 B Gt sl wF a4 Sodl plply 0sh e
g blae o b (S gl 00, £al (Y )) Sa0
Sk Ol Gl SHn s G aslse (pl gz g 5 el
sl cdglin 5l 29,5 b S $sSole ool oals baus
adgr gl ans ;) slo 7,68 hwg a5 wiie 15 59 L 4 gl
e 7,8 sz I boee ol as; o 7,8 (pl el o0
OSB3l (oo ps)isd 5 poekes (s skl oS
S 95550 Lo Ll 0as (5155 S 93eSOLe Yo 5l s
2lag olae o gl g blagy coee OMars 5 (S
g bl ccis ol (b ol oz Jsb o cwlls
Ygame o Slhblre ool 4 e aily o OB pas
&S a4l gl cdglio 5l 29,5 b S gl ST
S5 skl 5 psekes s iz 90 slo @l by
(s S sl o0le S T £45 S 51,ST.(A V) W9 o
Gl Brie gl cdglie SO T g5 S 18T S L

OoolesS 5,08 (63 ded S (gl 4T s o Lt |y asS

Eol % é Jﬂ
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

San 5 po3 0jglas

o9y 9 dlge

Lipn JSon oobel p st pllss g0 adlas ol
&b o3 55l 9)9e lo ools aldsT s 285 18 L)
0yt g rhaie (Eiod Jo jl aalllas g5 LL 5 £90
S i1 ST Cdale 0550 o lae Gl ymel SKils ¢ )5S
A 5 653l deys g Al by, caiged o> | gg
s o> ¢ (Limit Of Detection, LOD) s s
el L ¢ (Limit Of Quantification, LOQ)
STl 8l 5 0T g 5 Sy 51, S|
A el

39,9 slaslas caalllas z9,5> 9 2959 slasline 9550 50
I8 oemSslST e (V) 55l wivgy ©)ls adllas
5 S Oly 4 (V) el 00,8 ()55 1) 1S 5o
(F) corsly ahiie Slallas (1) cansl onds piite ouylb
035 SIS 1, T 5 amS 5151 e asals 5 (Sl
odd yiiie VoYY B YoVF la Jlo o () caxsl
Al asls oYL g el Aiged > (F) 9 il
alllas cs0,50 slo ()15 aslllas g5 byl o
5 ol i SVs gy SVlEs (il ol

B B laolS b
Sl 651 oz sl oz Gl @l cox
S o T gg S gl,ST e 5 585 5550 )0 absgy o
aloz 5l Sledbl (gla oSl e ) (] 4 dasly Y gaa
Scopus,Web of Science, PubMed, Science Direct
a5 Google Scholar 4 SID sl gmin> slo,gige 4
anlllas 350 il o0 piiie YoYY B YoVE clo Jlo o
S B1ST g FUL la ojleadds 5185 15 own s
eI $1S1 5 S sl 03518 (1 g5 SIS
Sl 5 S o S 555ile 5 SIS (slo 00513 (]
9SS 5 CagSn calbrio UKL (WS (2B glo

LT el Sl Jolss izmas 5 (25315 (slo (o

%ﬁ yﬂ/
Y, 1EoF Gliunli /g 6l /22 095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yvy

T oS 11 (Sogl e sliontSosed Slogat aslie 5
98 ostd oz diged ¥ 0 St g o g3 pobie
Sl eSS T S 5181 o o diges pled o a5 axisls

V) 39y ariiios
ey a gl anlllas 4o (Y419) ol Kea 3 Khaneghah
Eged g CBle (g S5 Lo g 5ulllle  Sloz Silotu
Aaazsly olsl s 02315 5 0548 SYgams 10 A yenS 551 S
i | SIS £yt 5 e hedls lile
ol bla I ol s 0n,s90) VY)Y pg/kg

olabsl alols 0o )3 40) as s + O 5 (VVE-Y/- A ug/kg

ATV +) b dalona (- /PY-+/FY
5l age AD (gl adllas yo (Y+Y) o Kea g Turcotte
29 9 b OL (El OIS Jolds ST Y game
5 oS gST Gl UK o sals (gl diges SWSE
1 oS 18T dols 18 Lo g 433265 9590 1 S 336
OWL 5o woyd FFIV 590 Loy S 9Sole (0 5 @als
Sl g ;0 2o 0 VYT g (6l OIS jo ae )0 YY/A &L
SIVAPGIKRE 5l osis (515 o3lasl prolie s3gaze b g SIS
OV VO

Sl ol slans 51 5 S5 sl il (sLolis & g
ol gly o s Wi T e eI BlST &
Sl Sllllac 05008 (izran 2Bl (08 Sl 5 (sogee
Elillae aie ol 550 dina el 55 allTlie 5 Selaiamus
ST ;o 1 g8 (S gl,ST Clile ogas j0 48,5 )50
@b Glbil Gl byl San b o] sl DY sama
VU Caanl ) Sl uils 5 oo il b L iSal,
g oplld jgp0 o b asllas ol ceplply .ol jlo o5
SIS sloals o 1 g5 oS 51,51 Ll 5 gont Ll 3
Sl ssed 5 SasSa IS Jolis (T laos sl
SIS s @) el b el ond plowl ¢SS
Glbil 5 (Sogll (ials oly alo)Sel; ogzge Cuxdy
sy Slaiig e sloo Jbi L iy


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

&l o ol o osls 3BT IS oY il,es STATA 153
o, [T 0gi o oolaiul IT a3l )l Seal jasis
ax,0 5l Q Hlade Gglas 5l a8 ol Glallas s il g )
VO« o [T 51l o ey Q iy ] e 5 (5031
B OT RV RNV D EC OISR WS AR I S PRV
50,0 el 0L g Jawgie (o iy @ Sldlhe o
Aol Vb ao s 80 bl p azgs LB oSoal 0925
bl e ¢l (Random Effect Model) éslas

5,5 o3l ST slo o3 51,3 5 SIS 13 T S 5315

0 T Sl ST il 5 g

(cocoa and ochratoxin A (OTA), cocoa
products and ochratoxin A, cocoa productsand
mycotoxins, cocoa and fungal contamination,
chocolate, breakfast chocolate, biscuits, cakes
5L ,¢ J>lye .o ooliisl and cocoa sweets, etc)
0 05250 glo ool .8 T sl V S o Lo jloged 3ubo
S5l oz cilizes o 5l (Mol (5 Sl yne sloolSily
Oeile Dglas gy 3l eolaiwl b (guiy aiws 1 e 5 00l
05 3 (Weighted Mean Difference, WMD) ;s

Identification of studies via databases and registers ]

Records idontified from*:
Databases (n =1482)
PubMed: 314
Scopus: 237
ScienceDirect:370
web of sciense:176

Google Scholar, SID :438

Identification

Rocords removad before screening:

S Duplicate records removed [n =658)

Rocoids screened PO Records excluded by lrrelevant litle **

(n=824) g
Screening Roports sought for retsieval s Records excluded by krelovantabstract**

(n=497) e (n =387)

= Roports excluded:
Full texl assessed for efiginilit
: (n=10) iy » No data [n =67)
Unavailable full text (n =26)

Included Studies included in review

(n=17)

Loy g yloged (wluwl p 092 g0 Clalle (gl gzmiwe (b 2 -) S5l

YVA

Eol % é Jﬂ
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

O|)K.o.b5}a.‘>a)@.]a.o

Woeplsloosyslp s SIS o T g oS 15T 50 (e
ol 3JUT 0,1y diges VYO« olaws b allis
orB 35y 5eiie YTV B F 51 bl Vlio JS dige o
VoY Jlo o alie o iagam 5 VoVF Jlo o allie o5
T e oS ST 00l 5155 g5 CAle (rizman
oAl o bl g e F10 pg/kg b -/20 pglkg
ol a5 sl 0ids 3,138 Slalllas 51 ol Cymesd O
sanlie T £g3 S 331,51 Fogll Slalllas aled ;5 a2 oo
21 eg GSSlST clale 5.5 o5lail (g, el 0l
YL a5 aslo 3,5 5ag, S g, F ol lallns
(High-Performance Liquid Chromatography,
(Molecularly J3 SJgo L3 , o« 1, HPLC)
Sloyi; Sty Imprinted Polymer, MIPs)
5 (Polymerase Chain Reaction, PCR) ;I ol
(Liquid Chromatography, LC) mle 3I,55les,s
ook ar g (A3 Jlaged 5l Ll ()55 (o) 2 sl Sl 009
o ooliul (Egger) Kl Sgew S, og, 5l ol

Lasl
4..,.|5| daxllas VFAY ‘).Iéi Syge ‘5Lb olf.;l; BLIE g )| =
AYE 5l g wals Bds 1,5 o 4 dllie £OA o b3k
Olore b dllie YYV c0uuS> 5 lsie olul s conilondl aslllas
S5l om o Bas gy el 0ol b allie YAY 4 Lo el
b el oo Lyl azly 5 5l ealedly alie V-
o ools @y gwyiws pae o 4 dlas PV alis VY-l
VR WE-R e PS 439.03 > 9 ua;éla SHgo A e ools 43‘)‘
Ve 5l (B oS e 4 (gt pas o 4 (eizmen
it 3 5yl glie ;3 00z (g 9790 s s &
Ol Sz 5l Az ange Bl el pae 5 o I
59 ol Bl dllie Y8 caxg JlSl g, 4z 5 Jb azoy
3590 Alis VY 5lasas pJBT o))y allis VY sla sols cules
Loyl 5l alie Vg Ll 5l i # oSG pol 0,6 5l allia ¥ )y
25 s Sllllae a5 Ll () Jeax) wlaid 5 Liss
P> g Wdg hnd S g @l &l g Ll e, b 55

bl @lp e ,S ol addlas 1 aails (5 eS diges

o pliS5 5930 30 092 g0 addgl Wlalllao b (S59-) Jou

- LC 40/A Y/o +/A

5 5,659

s}

v Jin YOA Ky )
KoY

CAI LC AA - -

Y gy
2l REETR
Yo I AR A
Lol o5

2’%“ — ﬂ 1ok Qlisls /g3 o lods /@S2 6,95
. lisuli /g o lods /b sas o).

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

e T S ST il g gns

aio Ui 9 50 50 392 90 agl Clalllas sl (Fi9-) Jouar aols

- DPV Ao o/ Y VA VoY s Yot

sladly
- PCR ar - - Y/ Vo i AEAR O gy v
Sk )

- HPLC AY - - Y/vo AR o S Ol o Yo @ng 4

sladls
- MIP qy - DAY \/¥Yo v L ARRRY bty ARl

sladls
- HPLC VA /0 Y V/VY ¢ Olg Yevy KIS \\s
S8
x

<L
sladls
- HPLC M - eV VIV £V oudonie Yo Joe Vo
S8 -
S8

slagls
CAI HPLC A4 - +/0 /40 Yo Oy Yoy Sl WV

1EoF (linli /pg> o jloh /padsad o9y 5
-

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir

YA-


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

San 5 po3 0jglas

alols) YIEEY L ply ol ol esysls o ST o T gy
1555 b 05,5 dalome (VAAF-Y/ATA : ao o A0 el
RS\ RI RSO SURPRRVSIL VV/\T I JU ARARV ISP Y
solaiwl olas ol 31 Jaw 51 Jow 0,505 jslare 4 1) el
5 el Haae O LY Sy ol ass o logad Lok

el ools Gz 1) T g9 a3l ST g clale asals

Study

Jdo @i solinal I asls 5l sKeal aseis slp
Fldae lae,o 80 5l L) azgi BB (oSeal 292
5 P ;0 1 g5 Sl ST clile ass (6l Bolas
oges Judo 12 sl g 0,5 soliiul S B slass 4l 8

A e b Sl o il
S ST IS Eons 0510 09 (oo aliMe oS shailon

Effect size Weight
with 95% CI (%)

Leonardo Fonseca Maciel
Xianjiang Li

Elena Cubero-Leon

Rupesh K Mishra

Rupesh K Mishra

Alana Greaves

Fernanda Pelisson Massi
Gaélle Catanante

Skrbig, B. et al

Assuncgao, R., et al

Catanante, G., et al

Demirhan, B. E., & Demirhan, B.
Kowalska, G., & Kowalski, R.
Malvano, F., et al

Mitchell, N. J., et al

Naz, N., et al

Zapasnik, A., et al

Overall

Heterogeneity: T =0.97, I’ = 98.56%, H’ = 69.62
Test of 8, = 8; Q(16) = 960.30, p = 0.00
Testof 6 =0:2=10.12, p = 0.00

B 450(432 468 6.07
- 2.70[2.39, 3.01] 597
— 3.70([3.31, 4.09] 588

| 2.18[2.06, 2.30) 6.10

197(1.77, 217] 6.06
375(3.32, 4.18) 5.83
[ 269[2.53, 2.85] 6.08
: 3 294269, 3.19] 6.02
- 375(3.44, 4.06) 597
1.64[0.84, 2.44) 522
115[0.78, 1.52] 5.90
224202, 2.46] 6.05
1.73[0.75, 2.71) 4.87
2.16[1.85, 2.47] 5.97
1.70[1.41, 1.99] 5.98
1.86[1.72, 2.00] 6.09
0.95[062, 1.28] 5.95

2.46(1.98, 2.94)

Random-effects REML model

(MG/KG cons 3 ol pdd dald g (5uRiloo) T g9 comnaS 931,57 £ 9 Cliale 3591y il Hlog05 ¥ JSCio

165 omSHISl Eomd e plie o 5o fsline
@l 4 arg bl sgpte o) (o )0 0)B e
23,518 5 S o T g5 (oS 18T gty il (e
Eots Jlaie (y eS Lol 0,8 5 15 0l 0,6 ;0 )] o
0900 S)lne g 4 4z g5 b (izren Zewl ol (3158
0,8 ;2 5,0 Sldlas o jlolixe ST dalls 55 29,5

%ﬁ \‘J—/pgﬂ/
Y, 1EoF Gliunli /g 6l /22 095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YA

9 Jlo 0,8 e o 4 il gl 0g )5 5 50 I
azrg Lol plnl g5 S 931,51 £50d 655 03l 3,
w1 s S 18T st Clle Sl ¥ S o
(YN HGIKE) 1 10l 0B 10 i Ay (o 3,90 0,8
(YAYY pg/kg) Ll 0,8 ¢ (+/YYYY ug/kg) Lyl o8
om bl v Hlade 4 dxgi bl sad 3158
WS cadl o /0 5l S g feee plpaS 293


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

Study

Amerlcan

Leonardo Fonseca Maciel

Alana Greaves

Femanda Pelisson Mass|

Milchell N J etal

Heterogenety 7 =148 ' =9910% H' =11125
Testof 6 =0 Q(3)=35365 p=000

Europe

Elena Cubero-Leon

Skrbi¢, B etal

Assungao R etal

Demirhan B E & Demirhan B

Kowalska, G & Kowalsxi. R

Malvanc F el al

Zapasnik A et al

Heterogenety 1° =109 I=9701% H"=3348
Testof B =6 Q(6)=19567 p=000

Asla

Xianjlang Ut

Rupesh K Mishra

Rupesh K Mishra

Gaélle Catanante

Catanante G. etal

Naz.N etal

Heterogeneity 1“ =037 I* =97 46% H" = 3942
Testof 8 =0 Q(5)=9597.p=000

Overall
Heterogenety 7" =097 I =98 56% H’ =69 62
Testof ® =@ Q(16)=96030 p =000

Test of group differences Q.(2) = 196 45 p =000

Random-effects REML model

0 T Sl ST il 5 g

Effect size Weight
with 95% CI (%)

B 450(432 468 607

S 3 3751332 418] 583

[ | 269|253 285 608

] 1701141 199] 598
R 316]196 4 36)

| B 370[331 409) 588

l § 375|344 406) 597

— B 164(084 244) 522

] 2241202 246) 605

—— 173|075 271] 487

B 216185 247] 597

n 095[062 128] 595
< 233154 313]

| 270(239 301) 597

[ | 2181206 230] 610

[ | 197177 217]) 606

] 294[269 319) 602

» 1151078 152] 590

| 186172 200) 609
< 214|164 264)
- 246198 294)

(MB/KG o 33 oy il § (5Kileo) 038 o 3T .93 CrmomnS 931,571 € ol il 91 5 il ylo g3 =¥ S

clle og gYL 0gd o cadlin Sogejl 3550 Jluye
YA Jlo sla aiges 50 (F/0 ug/kg) T g5 crnS 5515
Lalys 5 658 5 oloslal ) (ilage e sl (s,
T g Sl ST clale pals ail Jase ogllasls
Gogd depe JJo 4 YoVY Jlo ,o (+/20 pg/kg)
Cunlagy Slladl (S, alS sl il il (g),eliS

OAAY) cul jaseis lo gy g 9 (p90e

YAY

g chile gloline mhw jlade T S8 4 axg b
s 50 Jlow s o T (S 1S
S osl o o[- O pg/kg 5l i - IVAY ug/kg
165 O 515) gt Clile (s ogas 50 (5 lolins
0993 oy -3yl 979 (o p 990 Ble sla JLu o
S0 slo Jlo jo 5 bline s a5 was o (LA (29,5
Ools 1 adly (o o008 Gl eS g ol 2l
050 0 1 Es oeSHIS) gsed clle o g)bla

Eol % é Jﬂ
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

San 5 po3 0jglas

Effect size Weight

Study with 95% CI (%)
2016

Rupesh K Mishra [ | 2.18[2.06, 2.30] 6.10
Rupesh K Mishra = 1.97[1.77, 217]) 6.06
Fernanda Pelisson Massi [} 269[253, 285 6.08
Gaélle Catanante | 2.94[269, 3.19] 6.02
Catanante, G., et al B 1.15[0.78, 1.52] 5.90
Malvano, F., et al - 2.16[1.85, 2.47) 597
Heterogeneity: T° = 0.35, I = 97.15%, H’ = 35.09 < 2.19[1.71, 2.68]

Test of 8, = 6: Q(5) = 100.26, p = 0.00

2017

Elena Cubero-Leon N B 3.70[3.31, 4.09] 5.88
Skrbi¢, B. et al @ 3.75(3.44, 406] 597
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

T &9 S 931,51 £ 9uis (65 03101 b9y coms 2 T 95 (oS 931,51 & gl Clale 851y il log0d -0 JSi
(ME/KE oy &l yuid aold g (uSilo)

oolol 2 izmed (8 JS2) o ls cd¥s Jlasl (6 S g poe

0391 VAV b plyy 580l Ghsy o ro o S5l e S5 S

el AV Ll € e sy A0 liebl e s a5

P SRl Se Sy by ol mhaw Jlade 4 4>y b
Sy g pas g (28) B loges 09 () lE (e yho
(Y Jguz) 05 g0 0l e

YAY

Jelouil 2 oles bl asl ails 99>y jlail 6 S g (g
shls ol 5l Jolo oled glooygly g azd S 15 50 oo
GrSsm oS Cal oY plply Lo atalgs e g )
b 2igd ol 5 olobd Jolold adsl ol o Licl
ST, B foged o g jalls yiine clalllae gl
2 &S Sl ol pax loged YL o iy Sldlas s

Eol % £ Jﬂ;
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

u‘)MSPO)'QJ‘A

Funnel plot
S
°
°
= o ¢ °
. °
P~ ® ° °
Ny @ L/
(]
n
A °
e o
T T T T T
1 2 3 4 5
Effect size
Pseudo 95% CI @ Studies

Estimated 6\

(LS'o'ﬁj) Funnel )I,;,_&', -$ J&W

(MB/KG oz 5 (5ilo) Egger (bgmuw S ) (595 oy 3 Jolo @l ¥ Jgou

CJEYAA —v/AN

YY)

\YWO- L\ ﬁ‘ﬁ 4.:.!9‘ sl La axdlas VYV o9 Q'-'.‘ BN
odel Casd 4y mls 4y b as wud 6Tt )lg 8,90
92 YIFPY HGIKG ol 1 S 5151 g5 lin (ilie
E50s Oty (b o0ls bl 9,8 o5 LT elasl
03,501,895 SIS o oads pll Glalllas o T S 41,5
Js @ bsye (o 350 sl Jlo o T sl
VoY) Jbo of 5l aw o ¥/ pg/kg Jai o Lo YA
Egnmd Ol (2 yeS Cpizmad ol 039 YIVA pg/kg Ll
ol oo )55 VAY pg/kg Jas L LYSYY Jlw e
0,8 50 T S 51,81 g o yidion ol ylid Slalllas gl
T oS 15T 50 lie (S 5 YN P pGIKE S, ol
QT )| él} @L..s o oo YVY pg/kg L\_..u] 0)1_5 I

%ﬁ yﬁﬁ/
Y, 1E o Glisli /g 6los /P32 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAD

b=l 9 g e pllas y950 (o) p2l> gl (Lol Saa
sile o] EYgame g SIS1S 0 T S 51,51 ale 5 pond
sloygige 5 SNl lo ol oy p o) )3 092 (288
$e S50 £yo9e b ladre mlie 8L Sas b gl
Sl 398 Sg Sl sy o oS s gl )1
gl plo B ad s )15 oLl 0)9e (Sws SO 4 0l
P e Glllhe A5 et by s (Jlexs]
P> g oy hend S g @l Sl g 12l by, b )1

Al ) asdllas 5l asils (6 eS diged


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

08 ;5 T 58 LS ST £l (it st s 9550
€9 rS 5 (F10 uglkg) jlaio b L3y 5545 5 S el
G55 (130 uglkg) jlade b liag) )585 5 gyl o) 40
wp eiS j0 Oldlhae Jlgl 3 oy yidion iores Ll 00l

el 034y anlllas ¥
S $51ST e (YY) ) Ken g Brera cilalas ulul 5
15 5 ol 00d 5,55 b oy5 b 51 5Vl g 08 o T g
LS 50 e ad ool las Sl by diges oy £
S gl Sl cdad gas (V) o5 3 Copetti Slallas
LB ke ST ool ¥ game 5| aigei VFA o T g5
Copetti wldllas mls pizad ool 0ol (5,155 429
eeS Alide Jo1ye )3 SIS g3 YVY (59, 2 ol S
Eoe Olyee o OIS (LA 3l 05033 5 (00,5 Sas
w15 4y gy o 0 plonil Slalllas 1o T g5 pyunsS 531,51 il

=

[ TR SN SN
169 oS 951,51 Sogll g Aspergillus carbonarius
E9 S 951 ,5T) G?%JT SaalS 0,ls 09z SIS alls o
5=l s Jols (05 SYgame o (1
il 3 e g Ol i sl g, dles 3l ecul
©595iS o lala sl a a3l ail o Sy loludl

!>l cu> (Good Agricultural Practices, GAP)
4.»4)‘9 Cbls 9 ‘QSLM C;‘LQAJ; 9 r:l.e)‘ )l oolaiw! .ol éﬁjﬁ
0 3 de pglie (2B sla ighe 4 &S 2l slo
A5 S T gy a1 Sogll ails, JBlas o ailgs

() 455 55l 1 55 e 518 i slo 6 0,
Slallas 35 olaws 05 ¢ pol> dalllas Cudgasme (3 yiage
OlF s Doge pl Ho a5l adhie )8 ouls plodl

slo g, ols Cans adlaie IS 1) odel Caws @ b

YA#

0 T Sl ST il 5 g

b osds 65 05l ol paSilee Slilllas oo 4 4 o
Ol opyien «(LC, 10 pglkg) mle 31,5 5ikeg 57 (3,
Ll 009y b gy ple b auolie o

5 oS ST (s pSojlail glagby, 5l ensl Cussay mls
VW50 o0 a8 )55 a4y auseds by, o yiden ol las |
ax 99,90 V LHPLC gy o i & ()2 9550 anlllas
i gl a4 azgi bl 005y 9,50 0 LLC 2, 5
2 oKen 5 Greaves asllae & bge Jbjb ooy
o, AN ke 45 g LC 59, L ISLS g8 0 Y-YY JLo
s Mishra aalllae 4 bg:pe 55 bl doyo (0 2eS 0g:
o, Y7 Jlaie & g HPLC g, LY V8 Jlo yo o)), Ken
Y YY) ol oo

sl oly oo T e oS olST gsed ) Jige Jalse S
o)lil aihain po 50 ol wlie 5 (65,9laS slo 09l dlga
Gl 0,3 5 Clilo pyclilS Job yo olde OYsame .o S
slsp 5 ol aia T s Sl ST (Sogll Syme 5o
Mg 4 e g WS (o0 S )b w4 ogbye g p S
Ll 09l co 0ad 0038 SV guame 10 | gg5 S 431,51
o £ L T 5 GanS 1S 355 oo o Sne
2 88 555 a5 psales oy 3 sk ] (slo 4555 sl
ol 2 Ll ol S o 0, osboge 5 05 Ll
sl gy 65,5lS Bhlis o ofng 4 Sy el 0,8 3bLs
e Nlg (oo P e ol (6,005 e (55,5L8S sl 050l
5 2ldliz bulps 055 | g S glS1 VG sl &
5 ol s el 0,6 51 ol blis ond cas ogld
S S1ST oS adgi la )6 wd; ol clie (2lse
) asb T ey

ailio jo a4zl LT gg GenS ST gt (lie s,
5 Kool o5 0 YoXY B YVs clo Jlo b slallas
b omimed ol 039 c20lS L)l o) B j0 5 cial3dl Lol
bl plai 5 T g5 oS 51,51 30 Glien 38,5 S o
sl Jlo o Teg oS 5lST ege (S2alS i) wals

Eol % é Jﬂ
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

San 5 po3 0jglas

wiled SG5elesS slocd iy 09l o 2ldE OV gaxe
i slagge Job b il b gin (oyre o (85 15
slaghs) ple sl 03gr fge | g9 S 95151 56 5o
Claid 518 s 0 j50 5 LS (005 aiile (S5
L oagzrlse (RalS (gl (9O 50 Sy (205 slagsl ol
Gialesl el sloo ey )l Jalis T g5 (S5 ST
sl el GlaSSsp szl 5 T e S B1,ST slan
AT o s oslail ol wile eger cubligy loludl
AT Ol Coaw 4 I, BasS Bpase ‘U:;)'}a] 5 sidu
Oeizad sl 00ld Fow s slalde O yae 5l Ll g
i mlio 5o Glojlo (e )0 polie (5, Ka g Clidos

Syl snalS Wgy pl Lads 0 age i

SN lisdo
Sl o ol 2w pae Juls S OlS als Banas g
Cole, dlie ol o 1) (giluosls g eosls oy i (il g0
IR TUMS.SPH.REC.1403.155 3 oS .aslos,S

S99 9 ;LS
g ake pllas 59,e" ylgie b aslip bl Gl cidw) Jeol> dllie oyl
‘5&“)5])559:15[5)&—‘Mﬁ‘;‘MB&@JA-’J\}
3 g VP Jlo o (o)l (ol I5) ahaiio 0 " T g5l
O b giegh b cgas Geizes ool 21V PR Y
ssle oSl colas b a5 ool VEOFS-YAV-F-1E-¥

sl 00 1yl a5 Slayo o sidlage Sleas 5 Sy

%ﬁ yﬂ/
Y, 1EoF Gliunli /g 6l /22 095

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YAY

OO Ly diile (So5d slahs, Jelds clloy Gl ey
Bl 4 Wlgi o (53,5 Sl 5 53,5 et il e
sl Sl by, o 0SS Jpama 039l (sl
4 Wy oo baB 5 0l ez aiile SLS 5 5l ool
S S i Y garme 13 1 g5 S 551,ST o talS
b baeacslSlg So 5l osliiul Jolds 55 (Sojelsm slahs,
S 4325 1) T egh S 931,51 aiilgi oo o5 sl gy 51
L )l o, aien (Sogll (1al5 sl Hge (b9 5
@ 8lg (oo 3 b 0 il p wile )l Slilee Jloe!
Cel (Koo 4z ST S T g5 (S 931,51 s 208

(V) 0,8 w3l JolS jsb a0 ) oun

32T 855 oS 3151 o line Slallle ol 4 453 L
22l gy L)l oy 55 5 (ctalil gy Ll 5 15 50T 0,8
alllas 5)50 blie ggomme Wy, (owyp Geized )b
3 als Wi, 1 €9 S el ST cdale gqll ol ol
o g, sl eolainl o 4y wilgy o a5 cenl €85 iy
Obey Bl b o cpl gl Cilos 5 6 Ry

sleolys 5 laseiils Sldllae gl .ol &)l 0 ol ol
e Ceadl | &P uS gl1)S1 J“"L’ Sy glp Sl
ow w‘ 0A ).'44|).5w (SLDJQJL”)W\) 9 u,u‘eﬁ aQ
Sl 5l 6xSolx lp 1y e Gty 2de Sl
Sl 5 bl (IS 8, 5w T e Sl ST
21 g eSSl mhw als del G game cuslio


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

References

1. Champion Martinez EI, Gonzalez Rios O, Noél D,
Meile JC, Fernandez FJ, Alter P, et al. Occurrence
and distribution of ochratoxin A-producing fungi
during post-harvest process of cocoa (Theobroma

cacao L.). Research Square. 2021.

2. Ghanbari R, Rezaie S, Noorbakhsh F, Khaniki
GJ, Soleimani M, Aghaee EM. Biocontrol effect
of Kluyveromyces lactis on aflatoxin expression
and production in Aspergillus parasiticus. FEMS
Microbiology Letters. 2019;366(10):fnz114.

3. Ghanbari R, Molaee Aghaee E, Rezaie S, Jahed
Khaniki G, Alimohammadi M, Soleimani M, et
al. The inhibitory effect of lactic acid bacteria on
aflatoxin production and expression of afIR gene

in Aspergillus parasiticus. Journal of Food Safety.

2018;38(1):e12413.

4. Ahmadi M, Jahed Khaniki G, Shariatifar N,
Molaee Aghaee E. Investigation of aflatoxins level
in some packaged and bulk legumes collected
from Tehran market of Iran. International
Journal of Environmental Analytical Chemistry.

2022;102(16):4804-13.

5. Aghamohseni Z, Rezaie S, Jahed Khaniki G,
Alimohammadi M, Alikord M, Noorbakhsh F,
et al. Antifungal activity and detoxification by
Candida albicans against Aspergillus parasiticus
and aflatoxin production. Journal of Consumer

Protection and Food Safety. 2022;17(4):377-86.

6. Samimi P, Aslani R, Molaece Aghaee E,
Sadighara P, Shariatifar N, Jahed Khaniki G, et
al. Determination and risk assessment of aflatoxin

B1 in the kernel of imported raw hazelnuts from

YAA

0 T Sl ST il 5 g

Eastern Azerbaijan Province of Iran. Scientific

Reports. 2024;14(1):6864.

7. Tao Y, Xie S, Xu F, Liu A, Wang Y, Chen D, et
al. Ochratoxin A: Toxicity, oxidative stress and

metabolism. Food and Chemical Toxicology.

2018;112:320-31.

8. Ringot D, Chango A, Schneider YJ, Larondelle Y.
Toxicokinetics and toxicodynamics of ochratoxin

A, an update. Chemico-Biological Interactions.

2006;159(1):18-46.

9. El Khoury A, Atoui A. Ochratoxin A: General
overview and actual molecular status. Toxins.

2010;2(4):461-93.

10. Copetti MV, lamanaka BT, Nester MA, Efraim
P, Taniwaki MH. Occurrence of ochratoxin A
in cocoa by-products and determination of its

reduction during chocolate manufacture. Food

Chemistry. 2013;136(1):100-04.

11. Turcotte AM, Scott PM, Tague B. Analysis of
cocoa products for ochratoxin A and aflatoxins.

Mycotoxin Research. 2013;29:193-201.

12. Kolawole O, Salawu A, Okunade A, Aroyeun
S. Ochratoxin A: a persistent menace in Nigerian
stored cocoa beans. Current Journal of Applied

Science and Technology. 2020:86-92.

13. Anga JM. The world cocoa economy: current
status, challenges and prospects. Development.

2014;9(10).

14. O'Brien E, Dietrich DR. Ochratoxin A:
the continuing enigma. Critical Reviews in

Toxicology. 2005;35(1):33-60.

15. Fink Gremmels J. Conclusions from the

workshops on ochratoxin A in food: recent

Eol % é Jﬂ
1E ol liunli /(g3 6 jlosis /52 6935 <
il /g3 0 22 0,9 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

San 5 po3 0jglas

developments and significance, organized by ILSI
Europe in Baden (Austria), 29 June—1 July 2005.
2005.

16. Gagliano N, Dalle Donne I, Torri C, Migliori M,
Grizzi F, Milzani A, et al. Early cytotoxic effects
of ochratoxin A in rat liver: A morphological,
biochemical and molecular study. Toxicology.

2006;225(2-3):214-24.

17. Maciel LF, Felicio ALdSM, Miranda LCR,
Pires TC, Bispo EdS, Hirooka EY. Aflatoxins and
ochratoxin A in different cocoa clones (Theobroma
cacao L.) developed in the southern region of
Bahia, Brazil. Food Additives & Contaminants:
Part A. 2018;35(1):134-43.

18. Zapasnik A, BrytaM, Waskiewicz A, Ksieniewicz
Wozniak E, Podolska G. Ochratoxin A and 2’
R-Ochratoxin A in selected foodstuffs and dietary
risk assessment. Molecules. 2021;27(1):188.

19.Yazdanpanah S, Jokar S, Lak T, M H. Investigation
and comparison of ochratoxin contamination
of commercial instant coffee powders . Iranian
Food Science & Technology Research Journal.

2022;18(1).

20. Khaneghah AM, Fakhri Y, Abdi L, Coppa CFSC,
Franco LT, de Oliveira CAF. The concentration and
prevalence of ochratoxin A in coffee and coffee-
based products: A global systematic review, meta-

analysis and meta-regression. Fungal Biology.

2019;123(8):611-17.

21. Mishra RK, Catanante G, Hayat A, Marty JL.
Evaluation of extraction methods for ochratoxin
A detection in cocoa beans employing HPLC.
Food Additives
2016;33(3):500-08.

& Contaminants: Part A.

%ﬁ yﬂ/
.t 1F ol glinli /g o jlod /pasas 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad TAQ
ijhe.tums.ac.ir

22. Greaves A, Maddison K, Doran M, Lin S,
Geiling B. Single-laboratory validation of an
immunoaffinity column cleanup LC method for
the analysis of aflatoxins and ochratoxin a in
cannabis plant material, resins, vapes, isolates, and
edible products. Journal of AOAC International.
2021;104(5):1264-71.

23. Brera C, Debegnach F, De Santis B, lafrate
E, Pannunzi E, Berdini C, et al. Ochratoxin A in
cocoa and chocolate products from the Italian
market: Occurrence and exposure assessment.

Food Control. 2011;22(10):1663-67.

24. Copetti MV, Pereira JL, lamanaka BT, Pitt
JI, Taniwaki MH. Ochratoxigenic fungi and
ochratoxin A in cocoa during farm processing.
International Journal of Food Microbiology.

2010;143(1-2):67-70.


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-01 ]

£
£

AN
@ ;
£
(lAER) \"‘dc

ot e (¥7)
7
oy o

&
&

o, o
" of Environ™

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2025, Vol. 18, No.2

HETH AND EXVIRONMENT

Systematic Review Article

Prevalence and concentration of Ochratoxin A in cocoa and its products: a

Motahare Khammar!, Parisa Sadighara!, Gholamreza Jahed-khaniki'?, Ebrahim Molaee-aghaee

systematic review and meta-analysis

1.2,%

1- Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran
2- Department of Food Sciences and Technology, School of Nutritional Sciences and Dietetics, Tehran University of Medical Sciences,

Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 14 May 2025
Revised: 30 July 2025
Accepted: 05 August 2025
Published: 16 September 2025

Keywords:  Ochratoxin A,
Cocoa, Food contamination,
Systematic review, Meta-analysis

*Corresponding Author:
emolaeeaghaee@tums.ac.ir

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
cocoa and its products: a systematic review and meta-analysis. Iranian Journal of Health and Environment. 2025,18(2):375-90.

Copyright © 2025 Iranian Association of Environmental Health« and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
A=W creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted« provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6970-en.html
http://www.tcpdf.org

