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Table S1. Analytical methods employed for mycotoxin analysis in feed. 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Pig feed Total AFs, ZEA, Total FBs 1-250 

SLE 

20 g + 100 mL of 70% MeOH (mix 25 °C, 3 min). Whatman 

No. 1 filtration.  

AFs: measured directly. 

ZEA: dilute 1:4 with 70% MeOH 

FBs: dilute 1:19 with H2O 

ELISA 

AgraQuant Total Aflatoxin Assay 1/20 

AgraQuant Total Fumonisin Assay 0.25/5.0 

AgraQuant Zearalenone Plus Assay 25/1000 

 

2019 [1] 

Pig feed DON 25 

SLE 

20 g + 100 mL of H2O (mix 25 °C, 3 min). Whatman No. 1 

filtration.  

Dilute 1:4 with H2O 

ELISA 

AgraQuant Deoxynivalenol Assay 0.25/5.0 
2019 [1] 

Cattle, 

poultry, and 

animal feed 

AFs, FBs n.i* 

SLE 

20 g + 40 mL of 90% MeOH (mix 2 min). Whatman No. 1 

filtration. pH adjusted to 7.0 (25%NaOH or 2M HCl). 

FBs: measured directly. 

AFs: dilute 1 mL with 1.5 mL 57% MeOH 

ELISA 

Helica Biosystems 
2019 [2] 

Poultry and 

cattle feed 

AFB1, AFB2, AFG1, AFG2, OTA, FB1, FB2, 

ZEA, DON 
0.6-18 

SLE 

1 g + 4 mL ACN/ H2O/Acetic acid (80:20:1) + vortex 1 min + 

orbital shaker 60 min + centrifugation 1500 g 5 min + 

filtration 0.22 μm PTFE.  

80 μL filtrate + 20 μL IS 

LC-MS/MS 

Column: RaptorTM ARC-18 (2.1 × 100 mm, 2.7 

µm) at 40ºC 

Flow: 0.2 mL/min 

Mobile phase: (A) 0.1% formic acid in H2O; (B) 

0.1% formic acid in ACN: MeOH (50:50, v/v) in 

gradient conditions 

Detector: QqQ, ESI (±), MRM 

2019 [3] 

Poultry feed 

ZEA, α-ZEL, β-ZEL, T-2, FB1, FB2, FB3, 

AFB1, AFB2, AFG1, AFG2, HT-2, 

AME, DON, 3-ADON, 15-ADON, OTA 

0.1-63.9 

SLE 

10 g + 40 mL ACN/ H2O /formic acid (79/20/1) + mix 60 min 

180 rpm horizontal shaker + centrifugation + filtration 0.22 

μm PTFE 

LC-MS/MS 

Column: BEH C18 (2.1 × 50 mm, 1.7 μm) at 40ºC 

Flow: 0.6 mL/min 

Mobile phase: (A) H2O; (B) ACN, both containing 

0.1% of acetic acid and ammonium acetate at 5 

mM in gradient conditions 

Detector: QqQ, ESI (+), MRM 

2019 [4] 

 

 
      



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Poultry, 

cattle and 

sheep feed 

AFB1, AFB2, AFG1, AFG2, AME, AOH, 

TENT, OTA, BEA, ENNA, ENNA1, ENNB, 

ENNB1, DON, 15-ADON, 3-ADON, NIV, 

NEO, DAS, T-2, HT-2, ZEA. 

0.3-

225.5 

QuEChERs 

2-5 g + 10 mL ACN/ H2O formic acid (79/20/1) + mix 5 min 

horizontal shaker + centrifugation at 4000 rpm 5 min 5ºC + 

QuEChERs (4 g of MgSO4 and 1 g of NaCl) + 1 min shake + 

centrifugation 4000 rpm 10 min. 

2 mL supernatant + 100 mg C18 (or PSA) + 600 mg MgSO4 + 

1 min shake + centrifugation at 4000 rpm 10 min + filtration 

0.22 μm PTFE 

LC-MS/MS 

Column: Gemini C18 (2 × 150 mm, 2 μm) at 25ºC 

Flow: 0.25 mL/min 

Mobile phase: (A) MeOH; (B) H2O, both 

containing 0.1% formic acid and 5 mM 

ammonium formate. Gradient conditions 

Detector: QTRAP, ESI (+), MRM 

2019 [5] 

Cattle feed AFB1, AFB2, AFG1, AFG2, OTA, ZEA 0.06-2.8 

IAC 

25 g + 5 g NaCl + ACN/ H2O (80/20) + mix 2 min at high 

speed + filtration.  

10 mL extract + 40 mL PBS (pH 7.4) 0.01% tween 20 + vortex 

+ filtration. 

20 mL of extract through a multiple-mycotoxin 

immunoaffinity column (AOZ IAC) 

LC-FLD 

Column: ACE C18 (250 × 4.6 mm, 5 µm) at 40ºC 

Post column derivatization: UV light 254 nm 

Flow: 0.8 mL/min 

Mobile phase: MeOH/ H2O/ACN (22/62/16) 

Detector: 360/460 nm (λex/λem) 

2019 [6] 

Pig feed 
AFB1, AFB2, AFG1, AFG2 

 
1 

SLE 

2 g + 10 mL ACN + 3 min vortex + 5 min centrifugation at 

4500 rpm. 

2 mL supernatant evaporated to dryness under N2 + 

reconstituted with 1 mL MeOH/ H2O (50/50) 

LC-FLD 

Column: C18 Kinetex separation (150 × 4.6 mm, 

2.6 µm) at 30ºC 

Flow: 0.8 mL/min 

Mobile phase: (A) H2O, (B) MeOH, (C) ACN, in 

gradient conditions 

Detector: 365/460 nm (λex/λem) 

2019 [7] 

Pig feed 

FB1, FB2, ZEA, OTA, CIT, T-2, HT-2, DON, 

FUS-X, STER, ENNA, ENNA1, ENNB, 

ENNB1, BEA 

2.0-136 

QuEChERs 

2 g + 8 mL H2O + 1 min vortex + 10 mL ACN/formic acid 

(95/5) + 3 min vortex + 4 g MgSO4 + 1g NaCl + 2 min shake + 

5 min centrifugation 4500 rpm. 

2 mL supernatant evaporated to dryness under N2 + 

reconstituted with 1 mL MeOH/ H2O (50/50) 

LC-MS/MS 

Column: C18 Zorbax Eclipse Plus RRHD (50 × 2.1 

mm, 1.8 µm) at 35ºC 

Flow: 0.4 mL/min 

Mobile phase: (A) H2O; (B) MeOH, both 

containing 0.3% formic acid and 5mM 

ammonium formate, in gradient conditions 

Detector: QqQ, ESI (+), MRM 

2019 [7] 

 

 
      



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Poultry feed 

AFB1, AFB2, AFG1, AFG2, AFM1, 

AOH, AOH methyl ether, BEA, 

CIT, Cyclopiazonic acid, DON, 

FB1, FB2, FB3, FB4, Hydrolyzed FB1, MON, 

NIV, OTA, OTB, Tenuazonic acid, ZEA, 

ZEA-sulfate 

n.i. 

SLE 

5 g + 20 mL ACN/ H2O /formic acid (79/20/1) + 90 min 

rotatory shaker + 20 mL ACN/ H2O /formic acid (20/79/1) 

LC-MS/MS 

Column: Gemini C18 (4.6 × 150 mm, 5 μm) at 

25ºC 

Flow: 0.25 mL/min 

Mobile phase: (A) MeOH / H2O /acetic acid 

(10:89:1); (B) MeOH / H2O /acetic acid (97:2:1) 

both containing 5 mM ammonium acetate. in 

gradient conditions 

Detector: QTRAP, ESI (±), MRM 

2019 [8] 

Animal Feed AFB1 n.i. 

SPE 

5 g + 20 mL ACN/ H2O (90/10) + vortex 10 min + centifuge 

1895g 5 min + filtration + 6 mL extract passed through SPE + 

4 mL extract evaporated N2 + reconstituted 400 μL H2O 

/TFA/acetic acid (35/10/5) + vortex 10 s + heat 65ºC 15 min + 

20 h at room temperature 

LC-FLD 

Column: not indicated 

Flow: 1.0 mL/min 

Mobile phase: (A) H2O (B) ACN  

Detector: FLD 

2019 [9] 

Animal Feed AFB1 n.i. 

SLE 

5 g + 25 mL MeOH 70% + shake 5 min + filtration + 1 mL 

extract diluted with 1 mL H2O 

ELISA 

Aflatoxin kit r-biopharm®  
2019 [9] 

Cattle feed AFB1 
0.007-

0.3 

SLE 

0.5 g + 10 mL MeOH 80% + vortex 20 min + centrifuge 3.5xg 

5 min + supernatant + 6 mL n-hexane + vortex 30s + 

centrifuge 3.5xg 5 min + bottom layer dried at 45ºC + 

reconstitute with 10 mL MeOH/ H2O (1/9) + 100 μL 1-octanol 

+ 100 μL toluene + vortex 45s + 15% (w/v) Na2SO4. Collect 

upper organic phase + dried 20 μL of organic phase + 

reconstituted in 20 μL buffer 

Capillary Electrophoresis-Laser Induced 

Fluorescence 

Column: uncoated fused-silica capillary (44 cm x 

50 μm) 

2019 [10] 

       

  



 

 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Animal Feed 
AFB1, DON, FB1, FB2, OTA, T-2, HT-

2, ZEA 

0.71-

12.6 

SLE 

1 g + 4 mL ACN/ H2O / formic acid (79/20/1) + shake 30 min 

+ centrifuge 3500 rpm 15 min + 0.1 mL extract evaporated N2 

40ºC + reconstituted in 0.05 mL of MeOH /0.01 M 

ammonium acetate (5:95, v/v) and 0.05 mL MeOH /0.01 M 

ammonium acetate (95:5, v/v) + centifuge 14800 rpm 30 min 

LC-MS/MS 

Column: Kinetex Biphenyl (100 × 2.1 mm, 2.6 μm) 

at 40ªC 

Flow: 0.3 mL/min 

Mobile phase: (A) 0.01 M ammonium acetate and 

0.1% of acetic acid in H2O /MeOH (95:5, v/v); (B) 

0.01 M ammonium acetate and 0.1% of acetic acid 

in H2O /MeOH (5:95, v/v), 

in gradient conditions 

Detector: QqQ, ESI (±), MRM 

2019 [11] 

Animal Feed 
AFB1, DON, FB1, FB2, OTA, T-2, HT-

2, ZEA 

0.38-

8.41 

IAC 

1 g + 4 mL ACN/ H2O / formic acid (79/20/1) + shake 30 min 

+ centifuge 3500 rpm 15 min + 0.5 mL extract + 6 mL PBS + 

centifuge 3500 rpm 10 min + 2 mL diluted extract passed 

through IAC + elution with 1.5 mL MeOH + dried N2 40ºC + 

reconstitute in mobile phase 

LC-MS/MS 

Column: Kinetex Biphenyl (100 × 2.1 mm, 2.6 μm) 

at 40ªC 

Flow: 0.3 mL/min 

Mobile phase: (A) 0.01 M ammonium acetate and 

0.1% of acetic acid in H2O /MeOH (95:5, v/v); (B) 

0.01 M ammonium acetate and 0.1% acetic acid in 

H2O /MeOH (5:95, v/v), 

in gradient conditions 

Detector: QqQ, ESI (±), MRM 

2019 

 
[11] 

Cattle feed AFs 0.05 

SLE 

2 g + 5 mL of 70% MeOH + vortex 5 min + centifuge at 10000 

g 10 min at room temperature.  

0.5 mL + 0.5 mL H2O 

ELISA 2020 [12] 

Cattle feed T-2 0.05 

SLE 

1 g + 20 mL of 90% MeOH + vortex 5 min + centifuge at 

10000 g 5 min at room temperature. 1 mL + 5 mL H2O 

ELISA 2020 [12] 

 

 

 

 



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Cattle feed DON 10 

SLE 

2 g + 20 mL of 90% MeOH + vortex 5 min + centifuge at 

10000 g 10 min at room temperature.  

0.5 mL + 0.5 mL H2O 

ELISA 2020 [12] 

Cattle feed ZEA 0.3 

SLE 

2 g + 8 mL of 90% MeOH + vortex 5 min + centifuge at 

10000g 10 min at room temperature.  

0.5 mL + 2 mL H2O 

ELISA 2020 [12] 

Cattle feed FB 0.5 

SLE 

1 g + 5 mL of 70% MeOH + vortex 5 min + centifuge at 10000 

g 10 min at room temperature. 

0.1 mL + 1.9 mL H2O 

ELISA 2020 [12] 

Pig, poultry 

and cattle feed 

AFB1, AFB2, AFG1, AFG2, T-2, HT-2, 

OTA, FB1, FB2, DAS, 15-ADON, 

NEO, FUS-X, ZEA,  

DON, NIV, 3-ADON 

1-40 

QuEChERs 

1 g + 10 mL H2O /formic acid (99/1) + shake 30 min + 10 mL 

ACN + shake 30 min + 4 g MgSO4 + 1 g NaCl + shake 30 s + 

centifuge 5 min at 10000 rpm 

2 mL + 300 mg MgSO4 + 100 mg C18 + mix and centifuge + 

evaporation to dryness + reconstitute with 960 μL 20% 

MeOH and 40 μL IS 

LC-MS/MS 

Column: Accucore analytical (100 × 2.1 mm x 2.6 

μm) at 25ºC 

Flow: 0.4 mL/min 

Mobile phase: (A) MeOH, (B) H2O, both 

containing 5 mM ammonium formate and 0.1% 

formic acid; (C) H2O, (D) MeOH, both containing 

5 mM ammonium acetate and 0.1% acetic acid, in 

gradient conditions 

Detector: QqQ, ESI (±), MRM 

2020 [13] 

Cattle and 

poultry feed 

AFB1, AFB2, AFG1, AFG2, AFM1, 

AFs, DON, DON-3gluc, NIV, FA1, 

FA2, FB1, FB2, FB3, FB4, FBs, OTA, 

ERGOT, HT-2, T-2, ZEA 

n.i. 

SLE 

5 g + 20 mL ACN/ H2O /formic acid (79/20/1) + 90 min 

rotatory shaker.  

1 mL + 1 mL ACN/ H2O /formic acid (20/79/1) 

LC-MS/MS 

Column: Gemini C18 (4.6 × 150 mm, 5 μm) at 

25ºC 

Flow: 0.25 mL/min 

Mobile phase: (A) MeOH / H2O /acetic acid 

(10:89:1); (B) MeOH / H2O /acetic acid (97:2:1), 

both containing 5 mM ammonium acetate, in 

gradient conditions 

Detector: QTRAP, ESI (±), MRM 

2020 [14] 

       



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Cattle and 

animal Feed 
AFB1, AFB2, AFG1, AFG2 0.05-1 

IAC 

5 g + 40 mL ACN/ H2O (90:10) + ultrasonic bath 10 min + 

centifuge 10 min 4676 g. 

3 mL + 72 mL PBS + filter through an IAC column (Easi-

extract® Aflatoxin) 

LC-FLD 

Column: Poroshell 120 EC-C18 UHPLC (4.6 × 50 

mm, 2.7 μm) at 40ºC 

Post column derivatization: UV light 254 nm 

Flow: 1.2 mL/min 

Mobile phase: MeOH/ H2O / ACN (20/70/10) 

Detector: 365/440 nm (λex/λem) 

2020 [15] 

Animal feed AFB1, AFB2, AFG1, AFG2 0.5 

IAC 

12.5 g + 12.5 mL H2O + mix + 100 mL (MeOH/ H2O 8:2) + 5 g 

NaCl + shake 30 min + centifuge 2800 g 5 min  

3 mL + 12 mL H2O + 0.1 mL tween 20 + pass through 

Aflatest® IAC column 

1 mL evaporated and reconstituted in 0.5 mL MeOH/H20 1:1 

0.5 % acetic acid. 

LC-FLD 

Column: UPLC BEH amide C18 (2.1x 100 mm x 

1.7 μm) at 40ºC 

Flow: 0.4 mL/min 

Mobile phase: (A) H2O 0.1% acetic acid (B) MeOH 

(C) ACN (64:18:18) 

Detector: 365/456nm (λex/λem) 

2020 [16] 

Animal feed 
AFB1, AFB2, AFG1, AFG2, OTA, 

OTB, ZEA 
0,63-42 

SPE 

0.5 g + 5 mL ACN/ H2O /orthophosphoric acid (79/20/1) + 

vortex 1h + centifuge 5500 rpm 10 min. 

2 mL through Oasis Prime HLB SPE. 0.5 mL eluate + 0.5 mL 

chloroform + vortex 10 s + injection of 5 mL H2O + vortex 30 

s + centrifugation 7000 rpm 5 min. 

0.2 mL organic phase evaporated and reconstituted in 0.2 

mL mobile phase 

LC-FLD 

Column: Cortecs T3 C18 (150 × 4.6 mm, 2.7 μm) at 

40ºC. 

Post column derivatization: UV light 254 nm 

Flow: 1.4 mL/min 

Mobile phase: (A) H2O 0.1% ortophosphoric acid 

(B) ACN (C) MeOH, in gradient conditions.  

Detector: 365/440 nm (λex/λem) for AFs, 234/469 

nm (λex/λem) for Ochratoxins and ZEA 

2020 [17] 

Animal feed  AFB1, ZEA, T-2 0.2-20 

IAC  

Sample + MeOH/ H2O (75:25) for AFs and ZEA, (60:40) for T-

2 + shaker 60 min at 23ºC + centrifuge 10 min 3468 g 

Filter + PBS + through 11+Myco MS-PREP® IAC column 

LC-FLD 

Column: LiChrospher 100 RP-18, LiChroCART 

250- 4 (250 × 4.0 mm, 5 µm); at 30ºC 

Flow: 1 mL/min 

Mobile phase: AFs: MeOH/ H2O / ACN 

(30/60/20). T-2: H2O / ACN (40/60). ZEA: MeOH/ 

H2O / ACN (46/46/8) 

Detector: AFs 365/435 nm (λex/λem). T-2 381/470 

nm (λex/λem). ZEA 274/418 nm(λex/λem).  

2021 [18] 

       



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Animal feed  DON 1.4 

IAC  

Sample + H2O + shaker 60 min at 23ºC + centrifuge 10 min 

3468 g 

Filter + PBS + through 11+Myco MS-PREP® IAC column  

LC-UV 

Column: LiChrospher 100 RP-18, LiChroCART 

250- 4 (250 × 4.0 mm, 5 µm), at 30ºC 

Flow: 1 mL/min 

Mobile phase: MeOH/ H2O / ACN (3/94/3). 

Detector: UV 218 nm 

2021 [18] 

Cattle feed AFB1, AFB2, AFG1, AFG2, AFs 
0.19-

2.75 

IAC 

25 g + 5 g NaCl + 125 mL MeOH/ H2O (70:30) + 30 min 

orbital shake + filter using whatman nº 1.  

15 mL + 30 mL H2O. 15 mL pass through AflaPureTM IAC 

column 

ELISA + LC-FLD 

Column: Waters Spherisorb C- 18 (250 × 4.6 mm, 

5 μm), at 40ºC 

Pre column derivatization: Hexane + TFA 

Flow: 1 mL/min 

Mobile phase: MeOH/ H2O / ACN (20/60/20) 

Detector: 365/435 nm (λex/λem) 

2021 [19] 

Animal feed 
AFB1, DON, DON-3-glucoside, 

FB1, FB2, FB3, ZEA 

0.19-

5.77 

SLE  

5 g + 20 mL ACN/ H2O / acetic acid (79:20:1) + 90 min 

rotatory shaker. 

500 μL + 500 μL ACN/ H2O /acetic acid (20:79:1) 

LC-MS/MS 

Column: Gemini C18 (4.6 × 150 mm, 5 μm), at 

25ºC 

Flow: 0.25 mL/min 

Mobile phase: (A) MeOH / H2O /acetic acid 

(10:89:1); (B) MeOH / H2O /acetic acid (97:2:1), 

both containing 5 mM ammonium acetate, in 

gradient conditions 

Detector: QTRAP, ESI (±), MRM 

2021 [20] 

Cattle feed AFB1 0.1 

IAC 

25 g + 2.5 g NaCl + 50 mL MeOH 80% + mix 1 min + filter 

through whatman nº 4.  

10 mL + 40 mL H2O. 10 mL through AflaTest WB SR IAC 

column  

LC-FLD 

Column: Ace 5 C18, (250 × 4.6 mm, 5 µm)  

Post column derivatization: UV light 254 nm 

Flow: 1 mL/min 

Mobile phase: MeOH/ H2O / ACN (40/50/10) 

Detector: 365/435 nm (λex/λem) 

2021 [21] 

Poultry feed AFB1, AFB2, AFG1, AFG2, AFs 0.3-1.86 

IAC 

50 g + 5 g NaCl + 100 mL MeOH/ H2O (80/20) + filter. 10 mL 

+ 40 mL H2O. 15 mL pass through AflaTest WB SR IAC 

column. Elution with 1 mL MeOH and 1 mL H2O 

LC-FLD 

Column: C18 (25 0 × 4.6 mm, 5 μm) 

Post column derivatization: UV light 254 nm 

H2O: 0.6 mL/min 

Mobile phase: eOH/ ACN (55/35/10) 

Detector: 365/435 nm (λex/λem) 

2021 [22] 



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Pig, poultry 

and cattle feed 
AFB1 0.5 

IAC 

25 g + 100 mL MeOH/ H2O (80/20) + SPE clean up. Dilute 

with PBS + pass through AokinImmunoClean CF AFLA IAC 

colum. Elution with MeOH. Evaporate to dryness using N2. 

Reconstitution in mobile phase.  

LC-FLD 

Column: Gemini C18 (250 × 4.6 mm, 5 μm), at 

30ºC 

Flow: 1 mL/min 

Mobile phase: MeOH/ H2O / ACN (30/60/10) 

Detector: 360/435 nm (λex/λem) 

2021 

 

[23] 

 

Pig, poultry 

and cattle feed 
DON 100 

IAC 

25 g + 100 mL MeOH/ H2O (60/40) + SPE clean up. Dilute 

with PBS + pass through AokinImmunoClean CF DON IAC 

column. Elution with MeOH. Evaporate to dryness using N2. 

Reconstitution in mobile phase. 

LC-UV 

Column: ZORBAX Eclipse XDB-C18 (150 × 4.6 

mm, 5 μm), at 30ºC 

Flow: 0.8 mL/min 

Mobile phase: MeOH/ H2O (20/80) 

Detector: 218 nm  

2021 

  

 

[23] 

 

Pig, poultry 

and cattle feed 
ZEA 10 

IAC 

25 g + 100 mL MeOH/ H2O (84/16) + SPE clean up. Dilute 

with PBS + pass through ZearaStar IAC column + elution 

with MeOH. Evaporate to dryness using N2. Reconstitution 

in mobile phase. 

LC-FLD 

Column: ZORBAX Eclipse XDB-C18 (150 × 4.6 

mm, 5 μm) at 30ºC 

Flow: 0.8 mL/min 

Mobile phase: MeOH/ H2O / ACN (8/46/46) 

Detector: 274/440 nm (λex/λem) 

2021 

 

[23] 

 

Cattle feed 

NIV, DON, 3-ADON, 15-ADON, 

ZEA, AFG2, AFG1, AFB2, AFB1, 

DAS, AOH, FB1, FB2, FB3, OTA, 

AME, STER, ROQC, ENN B 

1.7-

317.7 

SPE 

5 g + IS (ZAN, DOM) + 20 mL ACN/ H2O / acetic acid 

(79/20/1) + shake 1 h + centrifuge 3300g 15 min + SPE clean 

up + eluate with 25 mL solvent + 10 mL n-hexane + second 

SPE clean up. Evaporate to dryness using N2. Reconstitution 

in 150 μL mobile phase  

LC-MS/MS 

Column: Symmetry C18 (150 × 2.1 mm, 5 µm) at 

25ºC 

Flow: 0.3 mL/min 

Mobile phase: (A) H2O /MeOH/Acetic acid 

(94/5/1); (B) H2O/MeOH/Acetic acid (2/97/1), both 

containing 5 mM ammonium acetate, in gradient 

conditions 

Detector: QqQ, ESI (+), MRM 

2021 [24] 

  



 

 

 

 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 

 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Animal feed 
AFB1, AFB2, AFG1 AFG2, OTA, 

ZEA, DON, FB1, FB2, T-2, HT-2  
0.5-500 

QuEChERs  

5 g + 10 mL H2O 0.1% formic acid + 10 mL ACN + shake 4000 

rpm 30 min + 4g MgSO4 + 1 g NaCl + shake 4000 rpm 1 min + 

centrifuge 4000 rpm 10 min. 

1 mL + 25 mg C18 + 25 mg PSA + centrifuge 10000 rpm 5 

min. 

0.4 mL + 0.5 mL H2O + 0.5 mL ACN 

 

LC-MS/MS 

Column: Imtakt Cardenza CD-C18 UP (150 × 2.0 

mm, 3.0 µm) at 40ºC 

Flow: 0.4 mL/min 

Mobile phase: (A) H2O 0.1% formic acid (B) ACN 

0.1% formic acid, both containing 5 mM 

ammonium formate, in gradient conditions 

Detector: QqQ, ESI (+), MRM 

2021 [25] 

Poultry feed AFs n.i. 
SLE 

5 g + 25 mL MeOH + filtration 

ELISA 

Neogen Veratox® Corporation USA 
2022 [26] 

Poultry feed AFB1, AFB2, AFG1, AFG2, AFs 0.5 

IAC 

20 g + 2 g NaCl + 100 mL MeOH/ H2O (80/20) + 50 mL n-

hexane + blend 5 min + filtration. 40 mL + 86 mL PBS + 

filtration. Pass through AflaCLEANTM IAC and elute with 2 

mL MeOH 

LC-FLD 

Column: ZORBAX SB-C18 (150× 4.6 mm, 3.5 μm) 

at 35ºC 

Flow: 1 mL/min 

Mobile phase: H2O / ACN / MeOH (60/25/15) 

Detector: 360/440 nm (λex/λem) 

2022 [27] 

Animal feed AFB1 2 
SLE 

20 g + 100 mL MeOH/ H2O (70/30) + shake 1 h + filtration 

ELISA 

BIO-SHIELD B1 (ProGnosis biotech) 
2022 [28] 

Pig and 

poultry feed 

 

AFs, Trichothecenes type B, FBs, ZEA 0.5-10 

SPE 

25 g + 100 mL ACN/ H2O (50/50) + blend 1 h + filtration. 2 

mL + 0.1 mL acetic acid. 750 μL to SPE. Centifuge 10000 rpm 

1 min 

LC-MS/MS 

Column: Gemini C18 (150 × 4.6 mm, 5 μm) at 

40ºC 

Flow: 1 mL/min 

Mobile phase: (A) H2O /acetic acid (199/1); (B) 

MeOH /acetic acid (199/1), both containing 2 mM 

ammonium acetate, in gradient conditions 

Detector: QTRAP, ESI (±), SRM 

2022 [29] 

Animal feed  DON 250 

SLE 

20 g + 100 mL H2O + shake 1 h, 150 rpm, 25ºC + filtration and 

dilution 1:4 

 

ELISA 

AgraQuant® ELISA kits 

2022 

 
[30] 



 

 

 

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Animal feed AFs, DON, FBs, OTA, T-2, ZEA 1-250 

SLE 

20 g + 100 mL MeOH/ H2O (70/30) + shake 1 h 150 rpm 25ºC. 

Filtrate 

Dilution 1:20 with H2O for FBs, 1:5 with 70% MeOH for 

ZEA. No dilution for AFs, OTA, T-2 

ELISA 

AgraQuant® ELISA kits 
2022 [30] 

Pig and 

poultry feed 

AFs, ZEA, Trichothecenes type B, 

FBs, OTA, T-2 
0.5-10 

SPE 

25 g + 100 mL ACN/ H2O (50/50) + blend 1 h + filtration. 2 

mL + 0.1 mL acetic acid. 750 μL to SPE + eluate and centifuge 

10000 rpm 1 min 

LC-MS/MS 

Column: Gemini C18 (150 × 4.6 mm, 5 μm) at 

40ºC 

Flow: 1 mL/min 

Mobile phase: (A) H2O /acetic acid (199/1); (B) 

MeOH /acetic acid (199/1), both containing 2 mM 

ammonium acetate, in gradient conditions 

Detector: QTRAP, ESI (±), SRM 

2022 [31] 

Animal feed AFB1, OTA, ZEA, DON, FB1, T-2 0.5-5 

IAC 

5 g + 1 g NaCl + 20 mL ACN/ H2O (60:40) + vortex 30 min + 

centrifugation 6010 g 10 min at 4ºC  

2 mL + 48 mL PBS 1% tween 20. Pass through a multi-IAC 

column prepared in the laboratory. 

Eluent evaporated and reconstituted in MeOH/ H2O (50:50) 

LC-MS/MS 

Column: UPLC® BEH C18 (100 × 2.1 mm, 1.7 µm) 

at 50ºC 

Flow: 0.3 mL/min 

Mobile phase: (A) MeOH 0.05% formic acid, (B) 

H2O 0.15% formic acid containing 5 mM 

ammonium formate, in gradient conditions 

Detector: QqQ, ESI (+), MRM 

2022 [32] 

Animal feed 
AFB1, AFB2, AFG1 AFG2, OTA, 

ZEA, DON, FB1, FB2, T-2, HT-2  
0.2-125 

IAC 

5 g + 20 mL (ACN/ H2O /acetic acid) (79:20:1) + shake 30 min 

+ centrifuge 4000 rpm 10 min  

3 mL + 147 mL PBS. 

20 mL passed through 11+MycoMSPREP IAC 

LC-MS/MS 

Column: Gemini C-18 (150 x 3 mm, 5 µm) at 40ºC 

Flow: 0.3 mL/min 

Mobile phase: (A) 1 mM ammonium formate and 

H2O / MeOH /formic acid (94.9:5:0.1), (B) 1 mM 

ammonium formate and H2O / MeOH /formic 

acid (1.9:98:0.1) in gradient conditions 

Detector: QqQ, ESI (+), MRM 

2022 [33] 

Animal feed AFB1, ZEA 
0.25-

1.25 

SLE 

5 g + 15 mL 70% MeOH/PBS (7:3) + vortex 5 min + centifuge 

1600g 5 min. 

Dilute supernatant to 50 mL with 0.5% tween 20/PBS (0.5%) 

Lateral Flow Immunochromatographic Assay 2022 [34] 



 

 

 

       

  

Table S1. Analytical methods employed for mycotoxin analysis in feed (continuation) 

 
 

Matrix Analyte/s 
LOQ 

(µg/kg) 
Sample preparation Separation and detection technique year Ref 

Cattle, pig, 

poultry and 

sheep feed 

AFB1, AFB2, AFG1, AFG2, DON, 

OTA, STER, ZEA 
0.8-84 

SPE 

0.5 g + 5 mL ACN/ H2O / ortophosphoric acid (79/20/1) + 

vortex 1 h + centrifugation 5500 rpm 10 min. 2 mL pass 

through SPE Oasis prime HLB. 0.5 mL + 0.5 mL chloroform + 

vortex 10 s + 5 mL H2O + vortex 30 s. 0.2 mL chloroform 

phase evaporated and redissolved in 0.2 mL mobile phase 

LC-FLD 

Column: C18 Cortecs T3 (150 × 4.6 mm, 2.7 μm) at 

40ºC 

Flow: 1.4 mL/min 

Mobile phase: (A) H2O (B) ACN (C) MeOH, all 

acidified with 0.1% ortophosphoric acid, in 

gradient conditions. 

Detector: 365/440 nm (λex/λem) AFs, 234/469 nm 

(λex/λem) OTA, OTB, ZEA 

2023 [35] 

Pig and 

poultry feed 
AFs, Trichothecenes type B, FBs, ZEA 0.5-10 

SPE 

25 g + 100 mL ACN/ H2O (50/50) + blend 1 h + filtration. 2 

mL + 0.1 mL acetic acid. 750 μL to SPE. Centifuge 10000 rpm 

1 min 

LC-MS/MS 

Column: Gemini C18 (150 × 4.6 mm, 5 μm) at 

40ºC 

Flow: 1 mL/min 

Mobile phase: (A) H2O /acetic acid (199/1); (B) 

MeOH /acetic acid (199/1) both containing 2 mM 

ammonium acetate, in gradient conditions 

Detector: QTRAP, ESI (±), SRM 

2023 [36] 

 



 

 

Table S2: Levels of mycotoxins in feed obtained from the bibliographic search (2019-2023) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

Total AFs 

Pig feed  823  

58.0 1.6 >20 

Taiwan  2015-2017  [1]  
DON 91.4 615.5 >5000 

ZEA 70.2 46.0 >1000 

Total FBs 50.4 1100 >5000 

Total AFs  

Animal Feed  148 1.0 4.0 4.0 

China  2021  [29]  Poultry feed 434 32 14 206.0 

Pig feed 350 21.0 4.0 49.0 

ZEA  

Pig feed 350 99 88 857 

China  2021  [29]  Poultry feed 434 94 164 1490 

Animal feed 148 91 87 499 

Total FBs 

Pig feed 350 99 966 8539 

China  2021  [29]  Poultry feed 434 99 1263 12776 

Animal feed 148 91 553 4618 

Total AFs 

Animal Feed  

782 60.2 6.22 66.66 

Brazil 2017-2021 [30] 

DON 741 67.8 690.0 4969.06 

ZEA 779 71.0 43.40 2503.86 

OTA 680 34.3 6.34 87.82 

Total FBs 792 45.4 970.0 17490.0 

T-2 681 24.7 24.11 135.23 

Total AFs 

Animal Feed  85 1.0 3.0 3.0 

China 2020 [31] Poultry feed 270 28 7 51.0 

Pig feed 124 22.0 9.0 85.0 

         

 

 

 

        



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

ZEA  

Pig feed 124 51 73 331 

China 2020 [31] Poultry feed 270 56 123 1094 

Animal feed 85 68 111 719 

OTA  

Pig feed 124 5 4 5.4 

China 2020 [31] Poultry feed 270 5 50 27 

Animal feed 85 n.i. n.i. n.i. 

Total FBs 

Pig feed 124 95 871 4511 

China 2020 [31] Poultry feed 270 91 990 4136 

Animal feed 85 88 370 1287 

T-2 

Pig feed 124 1 33 33 

China 2020 [31] Poultry feed 270 n.i. n.i. n.i. 

Animal feed 85 n.i. n.i. n.i. 

Total AFs  

Animal Feed  470 2.8 8.5 39.0 

China  2017-2021  [36]  Poultry feed 1857 30.0 15.8 206.0 

Pig feed 1418 21.9 16.9 245.0 

ZEA  

Pig feed 1418 57.12 83.39 857 

China  2017-2021  [36]  Poultry feed 1857 71.46 120.13 1490 

Animal feed 470 71.91 89.36 719 

Total FBs  

Pig feed 1418 92.95 1116.0 13254 

China  2017-2021  [36]  Poultry feed 1857 95.85 1437.82 17052 

Animal feed 470 93.36 554.15 7619 

 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

AFB1 

Animal feed  45  

13 n.i. 390 

Brazil  2016  [3]  

AFB2 4 n.i. 5.4 

AFG1 4 n.i. 12 

AFG2 0 n.i. n.i. 

DON 

Animal feed 45 

44 n.i. 2300 

Brazil  2016  [3]  ZEA 29 n.i. 520 

OTA 2 n.i. 11 

FB1 
Animal feed  45  

93 n.i. 53000 
Brazil  2016  [3]  

FB2 87 n.i. 2800 

AFB1 

Poultry feed  105  

98 0.2 0.9 

South Africa  2015  
 

[4] 

AFB2 100 0.4 7.1 

AFG1 97 0.7 5.2 

AFG2 82 0.5 1.6 

DON 

Poultry feed  105  

98 37.8 154.0 

South Africa  2015  [4] 3-ADON 95 1.6 12.9 

15-ADON 35 8.9 44.9 

ZEA 

Poultry feed  105  99 

71.2 428.9 

South Africa  2015  [4] α-ZEL 5.4 19.9 

β-ZEL 3.8 22.1 

OTA Poultry feed 105 0 n.i. n.i. South Africa 2015 [4] 

FB1 

Poultry feed  105 100 

1075.6 7125.3 

South Africa 2015 [4] FB2 28.5 125.1 

FB3 22.2 115.1 

         

 

 

 

 

         



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

T-2 
Poultry feed  105 100 

3.1 15.3 
South Africa 2015 [4] 

HT-2 1.9 5.9 

AME Poultry feed 105 100 23.1 155.5 South Africa 2015 [4] 

AFB1  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

AFB2  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

 

AFG1 

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

AFG2  

Poultry feed 43 2 42.5 42.5 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

DON  

Poultry feed 43 100 249.8 249.8 

Tunisia  2016-2017  [5]  Cattle feed 35 74 26.6 146.1 

Sheep feed 16 6 105.1 25.3 

 

3-ADON 

Poultry feed 43 21 158 167.9 

Tunisia  2016-2017  [5]  Cattle feed 35 6 29.8 168.7 

Sheep feed 16 n.i. n.i. n.i. 

 

 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

15-ADON  

Poultry feed 43 5 836.9 840.7 

Tunisia  2016-2017  [5]  Cattle feed 35 17 28.4 132.4 

Sheep feed 16 25 18.7 19.0 

ZEA  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 3 35.1 35.1 

Sheep feed 16 n.i. n.i. n.i. 

OTA  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 31 3.9 5.9 

T-2  

Poultry feed 43 5 935.1 956.8 

Tunisia  2016-2017  [5]  Cattle feed 35 9 18.3 26.5 

Sheep feed 16 n.i. n.i. n.i. 

HT-2  

Poultry feed 43 9 119.8 119.8 

Tunisia  2016-2017  [5]  Cattle feed 35 37 21.0 173.4 

Sheep feed 16 13 16.6 13.1 

NIV  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

AME  

Poultry feed 43 2 109.7 109.7 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

AOH  

Poultry feed 43 2 324.3 324.3 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

NEO  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia 2016-2017 [5] Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

DAS  

Poultry feed 43 14 118.8 219.2 

Tunisia  2016-2017  [5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 n.i. n.i. n.i. 

TENT  

Poultry feed 43 n.i. n.i. n.i. 

Tunisia  2016-2017  [5]  Cattle feed 35 6 2.8 2.9 

Sheep feed 16 6 7.0 7.0 

BEA  

Poultry feed 43 100 7.1 29.3 

Tunisia  2016-2017  [5]  Cattle feed 35 69 3.1 5.7 

Sheep feed 16 n.i. n.i. n.i. 

ENNA  

Poultry feed 43 37 4.0 12.6 

Tunisia  2016-2017  [5]  Cattle feed 35 20 0.7 0.9 

Sheep feed 16 25 2.9 4.3 

ENNA1  

Poultry feed 43 51 1.5 5.0 

Tunisia  2016-2017  [5]  Cattle feed 35 77 1.8 4.3 

Sheep feed 16 25 10.9 20.5 

ENNB  

Poultry feed 43 79 6.7 39.8 

Tunisia  2016-2017  [5]  Cattle feed 35 80 9.0 21.9 

Sheep feed 16 69 12.5 21.7 

ENNB1  

Poultry feed 43 49 3.5 15.7 
Tunisia  2016-2017  

[5]  Cattle feed 35 n.i. n.i. n.i. 

Sheep feed 16 38 0.8 2.8 7.2 12.8 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

AFB1 

Cattle feed  

17 47 1.5 5.9 

Egypt  2014-2015  [6]  
AFB2 17 6 0.5 0.5 

AFG1 17 n.i. n.i. n.i. 

AFG2 17 n.i. n.i. n.i. 

ZEA 
Cattle feed  17 

24 8.1 11.9 
Egypt  2014-2015  [6]  

OTA n.i. n.i. n.i. 

AFB1 

Pig feed 228 

3.07 0.94 2.91 

Spain 2017 [7] 
AFB2 1.32 0.60 1.06 

AFG1 0.88 0.33 0.44 

AFG2 0 - - 

DON 

Pig feed 228 

4.39 237 555 

Spain 2017 [7] ZEA 7.02 741 7681 

OTA 0 - - 

FB1 
Pig feed 228 

50 403 3959 
Spain 2017 [7] 

FB2 29.82 184 961 

T-2 
Pig feed 228 

0.88 31.9 35.9 
Spain 2017 [7] 

HT-2 0.88 117 123 

BEA 

Pig feed  228  

93.42 20.7 747 

Spain 2017 [7]  

ENNA 5.26 9.82 64.9 

ENNA1 40.79 19.0 140 

ENNB 100 118 1222 

ENNB1 53.51 34.3 247 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

CIT 

Pig feed 228 

14.04 147 512 

Spain 2017 [7] FUS-X 5.70 291 821 

STER 2.19 104 308 

AFB1 

Poultry feed 30 

83.3 74 760 

Nigeria 2013 [8] 
AFB2 50.0 21 188 

AFG1 56.7 19 79 

AFG2 13.3 3.5 7.6 

ZEA 
Poultry feed 30 

83.3 9.3 71 
Nigeria 2013 [8] 

ZEA-sulfate 13.3 56 162 

OTA 
Poultry feed 30 

26.7 5.4 15 
Nigeria 2013 [8] 

OTB 20.0 9.3 24 

FB1 

Poultry feed  30  

96.7 1014 3760 

Nigeria 2013 [8] 
FB2 93.3 310 870 

FB3 90.0 62 149 

FB4 96.7 623 168 

NIV 

Poultry feed  30  

23.3 114 647 

Nigeria 2013 [8] 

AOH 40.0 2.7 8.6 

TENT 70.0 44 315 

BEA 100 13 127 

CIT 16.7 522 2340 

Cyclopiazonic acid 10.0 39 49 

MON 93.3 62 900 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

Total AFs 
Animal feed 365 

n.i. 88.6 n.i. 

Rwanda 2017 [2] 
Total FBs n.i. 1480 n.i. 

Total AFs 
Cattle feed 1180 

n.i. 108.8 n.i. 

Rwanda 2017 [2] 
Total FBs n.i. 1520 n.i. 

Total AFs 
Poultry feed 1726 

n.i. 103.8 n.i. 

Rwanda 2017 [2] 
Total FBs n.i. 1210 n.i. 

AFB1 

Pig feed 100 34 1.7 14.2 

Thailand - [13] Poultry feed 100 77 8.2 326.4 

Cattle feed 100 32 1.6 14.9 

AFB2 

Pig feed 100 13 0.9 4.1 

Thailand - [13] Poultry feed 100 35 2.4 49.9 

Cattle feed 100 8 0.9 2.4 

AFG1 

Pig feed 100 4 0.5 1.6 

Thailand - [13] Poultry feed 100 25 0.6 0.86 

Cattle feed 100 12 0.5 1.6 

AFG2 

Pig feed 100 1 0.66 0.66 

Thailand - [13] Poultry feed 100 n.i. n.i. n.i. 

Cattle feed 100 n.i. n.i. n.i. 

DON 

Pig feed 100 43 215 631.9 

Thailand - [13] Poultry feed 100 31 304.6 1430.8 

Cattle feed 100 37 167.8 538.8 

 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

3-ADON 

Pig feed 100 n.i. n.i. n.i. 

Thailand - [13] Poultry feed 100 1 45.6 45.6 

Cattle feed 100 3 36.0 46.6 

15-ADON 

Pig feed 100 16 30.8 83.2 

Thailand - [13] Poultry feed 100 26 31.7 57.1 

Cattle feed 100 36 35.9 68.2 

ZEA 

Pig feed 100 91 17.4 169.2 

Thailand - [13] Poultry feed 100 72 30.2 235.8 

Cattle feed 100 46 26.1 98.4 

OTA 

Pig feed 100 n.i. n.i. n.i. 

Thailand - [13] Poultry feed 100 1 3.1 3.1 

Cattle feed 100 n.i. n.i. n.i. 

FB1 

Pig feed 100 85 102.4 464.8 

Thailand - [13] Poultry feed 100 96 451.7 2645.5 

Cattle feed 100 62 88.1 731.0 

FB2 

Pig feed 100 77 31.08 136.1 

Thailand - [13] Poultry feed 100 91 123.2 573.3 

Cattle feed 100 45 26.1 252.2 

T-2 

Pig feed 100 n.i. n.i. n.i. 

Thailand - [13] Poultry feed 100 4 2.6 3.2 

Cattle feed 100 2 4.5 5.5 

HT-2 

Pig feed 100 7 9.6 19.3 

Thailand - [13] Poultry feed 100 7 6.6 10.0 

Cattle feed 100 1 15.23 15.23 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

NIV 

Pig feed 100 18 46.0 165.4 

Thailand - [13] Poultry feed 100 32 103.4 626.0 

Cattle feed 100 6 51.2 117.5 

NEO 

Pig feed 100 n.i. n.i. n.i. 

Thailand - [13] Poultry feed 100 n.i. n.i. n.i. 

Cattle feed 100 n.i. n.i. n.i. 

DAS 

Pig feed 100 2 4.7 5.1 

Thailand - [13] Poultry feed 100 3 3.1 3.6 

Cattle feed 100 1 4.36 4.36 

FUS-X 

Pig feed 100 n.i. n.i. n.i. 

Thailand - [13] Poultry feed 100 3 48.0 61.9 

Cattle feed 100 n.i. n.i. n.i. 

AFB1 

Cattle feed 193 

12 n.i. 4.66 

Spain 2016-2018 [15] 
AFB2 5 n.i. 0.41 

AFG1 24 n.i. 6.45 

AFG2 7 n.i. 0.57 

AFB1 

Animal feed  51 

61 2.42 5.0 

Lithuania 2019-2020 [18] 
DON 55 283.94 500 

ZEA 49 377.60 700 

T-2 29 106.05 246.7 

AFB1 

Animal feed 34 

n.i. n.i. n.i. 

Thailand 2018-2019 [20] 
DON 26.5 61.84 122.44 

DON-3gluc 26.5 10.92 28.78 

ZEA 82.4 5.16 12.44 

 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

FB1 

Animal feed 34 

41.2 26.81 60.8 

Thailand 2018-2019 [20] FB2 14.7 12.52 18.28 

FB3 n.i. n.i. n.i. 

AFB1 Cattle feed 60 55 0.61 5.17 Spain 2015-2016 [21] 

AFB1 

Pig feed 620 100 4.1 59.7 

China 2018-2020 [23] Poultry feed 571 99.9 4.9 57.4 

Cattle feed 225 100 9.5 77.5 

DON 

Pig feed 620 99.6 659.3 3712.2 

China 2018-2020 [23] Poultry feed 571 99.7 660.8 2970.1 

Cattle feed 225 99.3 752.1 2254.7 

ZEA 

Pig feed 620 99.4 81.5 1599.0 

China 2018-2020 [23] Poultry feed 571 100 108.0 852.8 

Cattle feed 225 99.3 98.2 906.9 

AFB1 

Cattle feed 77 

3.9 26.1 30.2 

South Africa 2018-2019 [24] 
AFB2 3.9 4.4 6.8 

AFG1 2.6 20.2 23.1 

AFG2 1.3 11.1 11.1 

DON 

Cattle feed 77 

63.6 477.7 2385.4 

South Africa 2018-2019 [24] 3-ADON 16.9 55.5 300.0 

15-ADON 20.8 169.6 858.8 

ZEA 
Cattle feed 77 

9.1 666.0 1793.7 
South Africa 2018-2019 [24] 

OTA 3.9 85.6 187.9 

FB1 

Cattle feed 77 

23.4 189.8 485.2 

South Africa 2018-2019 [24] FB2 19.5 132.4 416.9 

FB3 1.3 n.i. n.i. 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

NIV 

Cattle feed 77 

5.2 36.9 36.9 

South Africa 2018-2019 [24] 

AME 6.5 229.2 603.2 

AOH 42.8 279.2 3088.2 

DAS 1.3 3.4 3.4 

ENNB 32.5 1143.1 14230.4 

STER 45.5 25.8 139.1 

ROQC 2.6 377.2 699.9 

AFB1 

Cattle feed 100 12 3.4 5.4 

Spain 2019-2020 [35] 
Pig feed 100 7 5.3 6.2 

Poultry feed 100 13 5.0 6.9 

Sheep feed 100 12 4.4 6.1 

AFB2 

Cattle feed 100 11 1.5 3.2 

Spain 2019-2020 [35] 
Pig feed 100 14 2.1 3.9 

Poultry feed 100 11 1.7 3.1 

Sheep feed 100 15 2.0 4.9 

AFG1 

Cattle feed 100 7 2.9 3.4 

Spain 2019-2020 [35] 
Pig feed 100 10 4.1 6 

Poultry feed 100 7 4.3 5.6 

Sheep feed 100 10 4.3 6.5 

AFG2 

Cattle feed 100 9 1.7 3.3 

Spain 2019-2020 [35] 
Pig feed 100 17 1.9 4.4 

Poultry feed 100 14 2.0 3.9 

Sheep feed 100 16 1.9 4 

 

 

 

 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

DON 

Cattle feed 100 76 177.8 574 

Spain 2019-2020 [35] 
Pig feed 100 72 157.5 410 

Poultry feed 100 71 255.3 755 

Sheep feed 100 72 238.3 887 

ZEA 

Cattle feed 100 49 133.4 413 

Spain 2019-2020 [35] 
Pig feed 100 50 162.3 816 

Poultry feed 100 66 150.0 489 

Sheep feed 100 52 201.3 658 

OTA 

Cattle feed 100 6 6.3 7.7 

Spain 2019-2020 [35] Pig feed 100 7 22.9 65.5 

Poultry feed 100 5 18.1 23.2 

Sheep feed 100 8 21.3 45.3 

STER 

Cattle feed 100 6 3.3 4.7 

Spain 2019-2020 [35] 
Pig feed 100 10 3.6 6.1 

Poultry feed 100 7 3.4 5.1 

Sheep feed 100 5 3.7 5.6 

Total AFs 

Cattle feed 88 

n.i. 4.2 5.1 

Jordan 2018 [12] 

DON n.i. 49.5 2490 

ZEA n.i. 80.2 333.5 

Total FBs n.i. 5537 11638.2 

T-2 n.i. 266 1734.6 

Total AFs Poultry feed 27 93.0. 17.2 89.0 Kenya 2019 [14] 

AFB1 
Cattle feed 16 94 31.2 134 

Kenya 2019 [14] 
Poultry feed 27 93 10.2 38.8 

AFB2 
Cattle feed 16 81 5.1 22.1 

Kenya 2019 [14] 
Poultry feed 27 48 1.7 4.4 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

AFG1 
Cattle feed 16 88 21.7 123 

Kenya 2019 [14] 
Poultry feed 27 70 6.7 41.7 

AFG2 
Cattle feed 16 44 8.8 28.5 

Kenya 2019 [14] 
Poultry feed 27 33 2.5 6.4 

DON 
Cattle feed 16 94 359.4 567 

Kenya 2019 [14] 
Poultry feed 27 100 329.1 1037 

DON-3gluc 
Cattle feed 16 88 22.1 61.7 

Kenya 2019 [14] 
Poultry feed 27 100 16.4 45.7 

ZEA 
Cattle feed 16 100 35.2 140.2 

Kenya 2019 [14] 
Poultry feed 27 100 103.4 873.4 

OTA 
Cattle feed 16 56 5.6 24.3 

Kenya 2019 [14] 
Poultry feed 27 19 4.8 10.6 

Total FBs 
Cattle feed 16 100 652.4 2171.3 

Kenya 2019 [14] 
Poultry feed 27 100 597.9 2684.8 

FB1 
Cattle feed 16 100 487.9 1494 

Kenya 2019 [14] 
Poultry feed 27 100 431.4 1926 

FB2 
Cattle feed 16 94 175.5 677.3 

Kenya 2019 [14] 
Poultry feed 27 96 172.9 728.8 

FB3 
Cattle feed 16 63 79.8 124.3 

Kenya 2019 [14] 
Poultry feed 27 85 70.8 243 

FB4 
Cattle feed 16 75 54.2 124.8 

Kenya 2019 [14] 
Poultry feed 27 89 73.7 387.8 

FA1 
Cattle feed 16 38 39 83.2 

Kenya 2019 [14] 
Poultry feed 27 52 14.2 29.2 

FA2 
Cattle feed 16 75 31.9 87.2 

Kenya 2019 [14] 
Poultry feed 27 74 24.5 103.1 

 



 

 

Table S2: Raw data obtained from the bibliographic search (2019-2023) (Continuation) 

Analyte Matrix n 
% Positive 

sample (>LOQ) 
Mean (µg/kg) 

Maximum 

(µg/kg) 

Origen of the 

samples 

Collection of 

samples 
Ref. 

T-2 
Cattle feed 16 13 3.5 4.4 

Kenya 2019 [14] 
Poultry feed 27 4 5.2 5.2 

HT-2 
Cattle feed 16 6 11.9 11.9 

Kenya 2019 [14] 
Poultry feed 27 4 13.8 13.8 

NIV 
Cattle feed 16 94 51.1 102.1 

Kenya 2019 [14] 
Poultry feed 27 96 43.2 105.5 

ERGOT 
Cattle feed 16 63 56.9 285.7 

Kenya 2019 [14] 
Poultry feed 27 81 26 113.2 

Total AFs 

Cattle feed 189 

59.0 40.2 406.1 

India 2017-2018 [19] 

AFB1 59 35.6 374.6 

AFB2 59 3.9 31.5 

AFG1 11 0.3 3.9 

AFG2 5 n.i. n.i. 

Total AFs 

Poultry feed 27 

7.4 0.39 0.63 

Malaysia 2017-2018 [22] 

AFB1 n.i. n.i. n.i. 

AFB2 n.i. n.i. n.i. 

AFG1 n.i. n.i. n.i. 

AFG2 n.i. n.i. n.i. 

Total AFs Poultry feed 40 97.5 48.6 86.2 Pakistan 2018 [26] 

Total AFs 

Poultry feed 33 

94 190.2 1919.8 

Ethiopia 2018-2019 [27] 

AFB1 n.i. 70.11 633.94 

AFB2 n.i. 13.50 142.98 

AFG1 n.i. 88.55 921.43 

AFG2 n.i. 18.00 221.43 

Total AFs Cattle feed 293 2.4 <5 >20 Italy 2013-2021 [28] 

  



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids. 0 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig 

 

Plasma 

Urine 

 

 

 

Feces 

 

OTA, OT 

 

 

 

 

OTA, OT 

 

 

1.5 

 

 

 

 

3.0 

 

5 

 

 

 

 

10 

LLE  

Normalize direct urine with 10 M creatinine. 

200 L urine or plasma + 8 L (1g/mL 13C-OTA and 13C-

OT ) + 800 L EtOAc/phosphoric acid 85% (99/1, v/v). 

Centrifuge + 50 L supernatant + 50 L ACN  

 

1 g + 30 µL 13C-OTA and 13C-OT (1g/mL) + 6 mL 

phosphoric acid, 1M + 30 mL EtOAc. Extract 60 min at 80 

rpm. Centrifuge. 3 mL water phase + 70 L 

orthophosphoric acid 85% + 1.5 mL EtOAc. Mix at 80 

rpm. Centrifuge. 50 L supernatant + 50 L ACN 

LC-MS/MS 

Column: C18 (150 mm x 2.1 mm 

x 2.6m) at 40ºC 

Flow: 0.4 mL/min 

MP: (A) H2O/ACN (95/5 v/v) 

(0.1 FA); (B) ACN/H2O (95/5, 

v/v) (0.1% FA) in gradient 

conditions 

Detector: ESI (-), QTrap, MRM 

2023 [37] 

 

Pig, 

poultry, 

cattle, 

sheep 

 

Plasma 

 

AFB1, OTA, ZEN, DON, 

3/15-ADON, DOM-1, T-

1, HT-2, AFM1, STER, 

NEO, DAS, FUS-X, 

AFB2, AFG1, AFG2, 

OTB, NIV 

 

0.04-9.10 

 

0.2-20.4 

SPE Captiva 

400 µL plasma + SEP Captiva + 1.2 mL ACN (1% FA). 

Elute and evaporate. Group I: 400 µL, evaporate + 200 µL 

MF: 60A/40B% (A: 5mM ammonium formate, 0.1% FA in 

water; B: 5mM ammonium formate, 0.1% FA in a 95.5 

MeOH/H2O). Group II: 400 µL + evaporate + 200 MF: 

95A/5B%. 

450 L plasma + 50L -glucuronidase-arylsulfatase + 

above described SPE Captiva extraction 

LC-MS/MS 

Column: C18 (150 mm x 2.1 mm 

x 2.7m) at 45ºC 

Flow: 0.4 mL/min 

MP: (A) 5 mM ammonium 

formate, 0.1% FA in H2O; (B) 5 

mM ammonium formate, 0.1% 

FA in a 95.5 MeOH/H2O, v/v) in 

gradient conditions 

Detector: ESI (+), QqQ, MRM 

2023 [38] 

 

Poultry 

and cattle 

 

Plasma 

 

AFB1, AFB2, AFG1, 

AFG2 

 

0.003-0.03 

 

0.05-0.1 

 

SPE  

100 µL plasma + 25 µL IS + 100 µL ACN + 300 µL 1% FA 

in ACN + centrifuge + Oasis® Ostro-96-well plate. 

Evaporate (N2) and reconstitute in 200 µL of H2O/MeOH 

(50/50, v/v) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 40ªC 

Flow: 0.3 mL/min 

MP: (A) H2O; (B) MeOH, in 

gradient conditions 

Detector: ESI (+), QqQ, MRM 

2023 [39] 

       

  



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig 

 

Serum 

Urine 

 

DON, DOM-1, iso-DON, 

3/15-ADON, 3/15-

ADOM, isoDOM 

 

n.i. 

 

n.i. 

LLE 

50 L serum + 35 L -glucuronidase-arylsulfatase (18 h. 

37°) + 300 L MeOH/AA (99.8/0.2, v/v)   

Urine samples: Direct injection 

LC-MS/MS 

Column: C18 (150 mm x 2.1 mm 

x 2.6 m) at 30ªC 

Flow: 0.25 mL/min 

MP: (A) H2O/AA (99.9/0.1, v/v);  

(B) ACN/AA (99.9/0.1, v/v ), in 

gradient conditions 

Detector: ESI (-), QTrap, SRM 

2023 [40] 

 

Pig and 

poultry 

 

Feces/ excreta 

 

Liver, Kidney, 

Muscle, Skin and 

Fat 

 

Urine 

Plasma 

 

OTA, OT 

 

OTA, OT 

 

 

 

OTA, OT 

 

3.0 

 

0.15 

 

 

 

1.5 

 

 

10 

 

0.5 

 

 

 

5 

LLE 

1 g + 30 µL 13C-OTA and 13C-OT (1g/mL) + 6 mL 

phosphoric acid, 1M + 30 mL EtOAc. Extract 60 min at 80 

rpm. Centrifuge. 3 mL water phase + 70 L 

orthophosphoric acid 85% + 1.5 mL EtOAc. Mix at 80 

rpm. Centrifuge. 50 L supernatant + 50 L ACN 

 

Dilute urine sample to 10 M creatinine. 200 L + 8 L 

(1g/mL 13C-OTA and 13C-OT ) + 800 L EtOAc 

/phosphoric acid 85% (99/1, v/v). Centrifuge. Centrifuge. 

50 L supernatant + 50 L ACN 

LC-MS/MS 

Column: C18 (150 mm x 2.1 mm 

x 2.6m) at 40ºC 

Flow: 0.4 mL/min 

MP: (A) H2O/ACN (95/5 v/v) 

(0.1 FA); (B) ACN/H2O (95/5 

v/v) (0.1 FA) in gradient 

conditions 

Detector: ESI (-), QTrap, MRM 

2022 [41] 

 

Poultry 

 

Excreta 

 

FB1, FB2, FB3 

HFB1, HFB2, HFB3 

 

50 

 

160 

LLE and SPE (two methods) 

5 g + 20 mL ACN/H2O/FA (74:25:1). Shake, ultrasonicate 

and centrifuge. 50 L supernatant + 950 L destiled 

water. A) 50 L + 10 L 13-C-FBs IS solution + 850 L 

0.2% FA in MeOH/H2O (1:9) 

B) hydrolysis: 50 L + 10 L 13-C-FBs IS solution + 850 L 

2.5M NaOH (2 h. at 70ºC) + Oasis MAX. Wash (3mL of 

2% ammonium hydroxide) and eluted (3 mL 2% FA in 

MeOH). Evaporate (N2) and reconstitute with 0.2% FA in 

MeOH/H2O (1:9) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.6 m) at 40ªC 

Flow: 0.4 mL/min 

MP: (A) H2O; (B) MeOH both 

with 0.2% FA, in gradient 

conditions 

Detector: ESI (+), QqQ, MRM 

2022 [42] 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig 

 

Urine 

 

 

 

 

 

 

 

 

 

DON, 3-ADON, 15-

ADON, DOM-1, ZEA,-

ZEL,-ZEL, -ZAL, -

ZAL, ZAN, OTA, AFB1, 

AFB2, AFG1, AFM1, T-2, 

HT-2, NIV, TEN, AOH, 

AME, ATX-I, CIT, DAS, 

FUS-X, STER, T-2 triol, 

OT, HFB1, DH-CIT, 

ENNs and BEA 

 

0.03-2 

 

0.1-8 

LLE 

Normalize direct urine with creatinine. 

(A) 250 L urine + 1 g NaCl + 500 L EtOAc. Centrifuge. 

Evaporate (N2) and reconstitute with 50% FM A and B 

(B) 250 L urine + -glucuronidase (2 h, 40°C) 

  

 

LC-MS/MS 

Column: C18 (150 mm x 2 mm 

x 3 m) at 35°C 

Flow: 0.45 mL/min 

MP: (A) 95% MeOH/5% 10 mM 

ammonium acetate, 0.001% AA; 

(B) 5% MeOH/95% 10 mM 

ammonium acetate, 0.001% AA 

in gradient conditions 

Detector: ESI (), QTrap, MRM 

2021 [43] 

 

Pig 

 

Plasma 

 

 

 

Urine 

 

 

 

 

DON, DOM1, ZEA, -

ZEL, OTA, OT, CIT, 

DH-CIT 

 

DON, DOM1, ZEA, -

ZEL, OTA, OT, CIT, 

DH-CIT 

 

n.i. 

 

 

 

 

0.03-2 

 

n.i. 

 

 

 

 

0.1-8 

LLE 

250 L serum + 750 L ACN (0.1% FA).Centrifuge. 800 L 

supernatant + 10 L IS. Evaporate (N2) and reconstitute 

with 100 L FM (50% eluent A and B) 

 

Normalize direct urine with creatinine. 

250 L urine + 1 g NaCl + 500 L EtOAc. Centrifuge. 

Evaporate (N2) and reconstitute with 50% FM A and B 

LC-MS/MS 

Column: C18 (150 mm x 2 mm 

x 3 m) at 35°C 

Flow: 0.4 mL/min 

MP: (A) H2O/5  mM 

ammonium acetate, 0.05% AA; 

(B) MeOH/5 mM ammonium 

acetate, 0.05% AA in gradient 

conditions 

Detector: ESI (-), QqQ, MRM 

2021 [44] 

 

Pig and 

poultry 

 

Plasma 

 

 

CIT 

DH-CIT 

 

0.05 

0.01 

 

0.1 

0.1 

LLE and SPE 

(A) 250 L pig plasma + 750 L ACN. Centrifuge. 

Evaporate supernatant (N2) and reconstitute with 250 L 

H2O/MeOH (50/50, v/v) 

(B) 100 L poultry plasma + Oasis® Ostro 96-well plate + 

300 L ACN/FA (99.9/0.1, v/v). Evaporate (N2) and 

reconstitute with 100 L H2O/MeOH; 50/50, v/v  

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 40ªC 

Flow: 0.4 mL/min 

MP: (A) H2O ; (B) MeOH both 

with 0.2% FA, in gradient 

conditions 

Detector: ESI (+), QqQ, MRM 

2020 [45,46] 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Poultry 

 

Plasma 

 

FB1 

HFB1 

 

0.15 

0.17 

 

1 

2.5 

SPE 

100 L plasma + Oasis® Ostro 96-well plate + 300 L 

ACN/1% FA  

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 40ªC 

Flow: 0.4 mL/min 

MP: (A) H2O/10 mM 

ammonium formate, 0.3% FA; 

(B) ACN, in gradient conditions 

Detector: ESI (+), QqQ, MRM M 

2020 [47] 

 

Pig 

 

Plasma 

Feces 

Urine 

 

 

ZEN, -ZEL, -ZEL,  -

ZAL, -ZAL, ZAN, TEA, 

AOH, AME, DON, 

DOM-1, 3/15 ADON, T2, 

HT2, T2G, AFB1, AFM1, 

OTA, ENNA1, ENNA, 

ENNB, ENNB1, BEA 

 

n.i 

 

 

1.0-5.0 

LLE and SPE 

(A) Plasma: 250 L + 750 L ACN. Centrifuge. 

Evaporate supernatant (N2) and reconstitute 

with 250 L MeOH/H2O (85/15, v/v) 

(B) Feces: a) 250 mg + 5 mL MeOH/EtOAc/FA 

(75:24:1), shake, centrifuge (OTA, TeA, AME 

and AOH); b) 250 mg + 5 mL Acetone, shake, 

centrifuge + HybridSPE-phosfolipid cartridge 

(other mycotoxins) 

Urine: 500 L (at pH 2 and 8) + 300 L EtOAc. Centrifuge. 

Evaporate (N2) and reconstitute with 250 L MeOH/H2O 

(85/15, v/v) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 45ºC 

Flow: 0.3 mL/min 

MP: (A) H2O ; (B) MeOH both 

with 10 mM ammonium 

formate and 0.3% FA, in 

gradient conditions 

Detector: ESI (+), QqQ, SRM 

2019 [48] 

 

Poultry 

 

Plasma 

Excreta 

 

 

ZEN, -ZEL, -ZEL,  -

ZAL, -ZAL, ZAN, TEA, 

AOH, AME, DON, 

DOM-1, 3/15 ADON, T2, 

HT2, T2G, AFB1, AFM1, 

OTA, ENNA1, ENNA, 

ENNB, ENNB1, BEA 

 

n.i. 

 

1.0-10 

LLE and SPE 

(A) Plasma: 150 L + Oasis® Ostro 96-well plate + 

450 L ACN/1%. Evaporate (N2). Reconstitute 

with 150 L MeOH/H2O (85/15, v/v) 

(C) Excreta: 250 mg + 1.5 mL ACN, shake and 

centrifuge. Evaporate (N2) and reconstitute 

with 250 L MeOH/H2O (85/15, v/v)  

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 45ºC 

Flow: 0.3 mL/min 

MP: (A) H2O ; (B) MeOH both 

with 10 mM ammonium 

formate and 0.3% FA, in 

gradient conditions 

Detector: ESI (+), QqQ, SRM 

2019 [48] 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig and 

poultry 

 

Plasma 

Feces/excreta 

Urine 

 

AFB1, DON, DON-s, 

DON-GlcA, ZEA, ZEA-

GlcA, 

 

0.001-1.68 

 

1.0-5.0 

LLE and SPE 

(A) Poultry plasma: 150 L + Oasis® Ostro 96-well 

plate + 450 L ACN/1%. Evaporate(N2) and 

reconstitute with 150 L MeOH/H2O (85/15, 

v/v) 

(B) Pig plasma: 250 L + 750 L ACN. Centrifuge. 

Evaporate supernatant (N2) and reconstitute 

with 250 L MeOH/H2O (85/15, v/v) 

(C) Feces: 250 mg + 20 L IS. Centrifuge + 

HyBridSPE-phospholipid cartridge. Evaporate 

(N2) and reconstitute with 250 L MeOH/H2O 

(85/15, v/v) 

(B) Urine: 500 L (at pH 2 and 8) + 300 L EtOAc. 

Centrifuge. Evaporate (N2) and reconstitute 

with 250 L MeOH/H2O 

(85/15, v/v) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 45°C 

Flow: 0.3 mL/min 

MP: (A) H2O ; (B) MeOH both 

with 10 mM ammonium 

formate and 0.3% FA, in 

gradient conditions 

Detector: ESI (+), QqQ, SRM 
2019 [49] 

 

Pig and 

poultry 

 

Plasma 

DBS 

 

 

DON, DOM1, 

3/15ADON, AFB1, 

AFM1, ENNA, ENNA1, 

ENNB, ENNB1, BEA, 

FB1, FB2, OTA, ZEA, α-

ZEL, β-ZEL, α-ZAL, β-

ZAL, ZAN, TEA, AOH, 

AME, T-2 

 

0.001-0.74 

 

0.5-10 

LLE and SPE 

(A) 60 L blood + H2O/ACN/acetone (30/35/ 

35, v/v/v). Dried paper (N2) and 

reconstitute with 60 L H2O/MeOH/FA 

(60/39.9/0.1, v/v/v). 

(B) Poultry plasma: 150 L + Oasis® Ostro 96-

well plate + 450 L ACN/1%. 

Evaporate(N2) and reconstitute with 150 

L MeOH/H2O (85/15, v/v) 

(D) Pig plasma: 250 L + 750 L ACN. Centrifuge. 

Evaporate supernatant (N2) and reconstitute 

with 250 L MeOH/H2O (85/15, v/v) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 45°C 

Flow: 0.3 mL/min 

MP: (A) H2O ; (B) MeOH both 

with 10mM ammonium 

formate and 0.3% FA, in 

gradient conditions 

Detector: ESI (+), QqQ, SRM 

2019 [50] 

 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig 

 

Plasma 

 

ZEA, α,β-ZEL, α,β-ZAL, 

ZAN, ZEN14G, ZEN14S 

 

 

 

 

0.02-0.2 

 

0.04-0.41 

LLE 

250 L plasma + 1000 L ACN. Centrifuge. 

Evaporate supernatant (N2) and reconstitute with 

250 L H2O/MeOH (85/15, v/v) 

(C)  

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m) at 45°C 

MP: (A) H2O/0.01% AA ; (B) 

ACN, in gradient conditions 

Detector: ESI (-), QqQ, SRM 

2019 [51] 

 

Pig 

 

Plasma 

 

ZEA-14GlcA, α,-ZEL-

14GlcA, α-ZEL-7GlcA, 

β-ZEL-16GlcA 

 

1.1-3.1 

 

3.7-10.2 

LLE 

150 L plasma + 450 L ACN. Centrifuge. Evaporate 

supernatant (N2) and reconstitute with 100 L 

ACN/H2O (50/50, v/v) 

LC-HRMS 

Column: C18 (100 mm x 2.1 mm 

x 2.6 m) at 45°C 

MP: (A) H2O/0.2% FA ; (B) 

ACN/0.2%FA, in gradient 

conditions 

Detector: ESI (-), QOrbitrap 

2019 [51] 

 

Pig 

 

Urine 

 

DON, DOM-1, ZEA, α-

ZEL, -ZEL, FB1, OTA, 

AFM1 

 

0.006-0.36 

 

0.02-1.21 

IAC 

5 mL urine + -glucuronidase/sulfatase + water (1:1, v/v) 

+ Myco6in1+TM multi-antibody IAC and OASIS 

HLB® column in tandem. Dry and reconstitute with 

200 L of MP (MeOH/H2O, 20/80, v/v) 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.7 m) at 40°C 

Flow: 0.25 mL/min 

MP: (A) MeOH/0.5% AA; (B) 

H2O/0.5%AA, in gradient 

conditions 

Detector: ESI (-), QqQ, MRM 

2019 [52] 

 

Poultry 

 

Feces/excreta and 

ileal content 

 

AFB1, AF2, AFG1, 

AFG2, AFM1, AFP1, 

AFQ1, AFB1-N7-guanine 

 

0.045-0.135 

 

 

0.15-0.45 

 

LLE-SPE 

1 g + AF standard mixture (to 10ng/g). 500 mg + 5 mL 

ACN/H2O/AA (79:20:1) + rotary shaker (40 min) + SPE 

cartridge (Stata C18-T). Elute with MeOH/H2O/AA. 

Evaporate and reconstitute with 0.25 mL MeOH/H2O/AA 

(50:49.9:0.1) 

LC-MS/MS 

Column: C18 (15 mm x 3.1 mm 

x 2.6m)  

Flow: 0.4 mL/min 

MP: (A) H2O/AA (99.9/0.1); (B) 

MeOH/H2O/AA(98/1.9/0.1, 

v/v/v) both with 5 mM 

ammonium acetate in gradient 

conditions 

Detector: ESI (+), QTrap, MRM 

2019 [53] 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Pig 

 

Heart, Liver, 

Spleen, Muscle 

 

ZEN, ZAN, -ZAL, -

ZAL, -ZEL, -ZEL 

 

0.5-1 

 

1-2 

QuEChERS 

5 g + 5 mL H2O + 5 mL ACN/0.1% FA + 2 g of MgSO4 and 

0.5 g of NaCl + 50 mg C18 + 100 mg MgSO4. Shake and 

centrifuge + evaporate (N2) and reconstitute with 400 L 

ACN/H2O (50/50, v/v) + 400 L hexane 

LC-MS/MS 

Column: C18 (100 mm x 4.6 mm 

x 3.5 m) at 30ºC 

Flow: 0.35 mL/min 

MP: (A) 5 mH ammonium 

acetate; (B) MeOH, in gradient 

conditions 

Detector: ESI (-), QqQ, SRM 

2018 [54]  

 

Goat 

 

Plasma 

Feces 

Urine 

 

FUS-X, NIV 

 

0.5-1 

 

1-2 
LLE-SPE 

1 mL plasma or urine, or 5 g feces + 3 mL ACN/H2O (3/1) 

+ ammonium sulfate. Shake and centrifuge + C18 Sep-pak 

silica cartridge. Evaporate (N2) and reconstitute with 500 

L MeOH/H2O + 5mM ammonium acetate 

LC-MS/MS 

Column: C18 (50 mm x 4.6 mm 

x 1.8 m) at 40ºC 

Flow: 0.4 mL/min 

MP: (A) 5 mH ammonium 

acetate; (B) MeOH, in gradient 

conditions 

Detector: ESI (+), QqQ, SRM 

2018 [55] 

 

Pig 

 

Plasma 

 

 

 

 

Feces 

 

 

 

Urine 

 

FB1, FB2, FB3, pHFB1, 

HFB1, pHFB2, HFB2, 

FB3, pHFB3, HFB3 

 

0.05-0.27 

 

 

 

 

10-217 

 

 

 

0.18-0.36 

 

0.15-0.8 

 

 

 

 

21-725 

 

 

 

0.6-4.5 

 

LLE 

300 L plasma + 900 L MeOH/ACN (50/50, v/v). 

Centrifuge. Reextract with 200 L ACN/H2O/FA 

(50/49/1, v/v/v). Evaporate (N2) and reconstitute 

with 300 L ACN/H2O/FA (50/49/1, v/v/v) 

 

1 g of homogenized feces samples + 10 or 5 mL of 

ACN/H2O/FA (74/25/1, v/v/v). Shake. Centrifuge 

and dilute with extraction solvent  

 

150 L aliquots of urine (diluted with water to 4 mM 

creatinine content) + 10 L IS + 290 L MeOH/FA (99/1, 

v/v). Shake and centrifuge 

LC-MS/MS 

Column: C18 (150 mm x 3 mm 

x 3 m) at 35ºC 

MP: (A) H2O/0.1% AA; (B) 

ACN/0.1% AA, in gradient 

conditions 

Detector: ESI (-), QTrap, SRM 2018 [56] 



 

 

Table S3. Analytical methods employed for the analysis of mycotoxin biomarkers in animal biological fluids (continuation) 

Animal Matrix Analyte/s 

LOD  

(ng/g or 

ng/mL) 

LOQ  

(ng/g or 

ng/mL) 

Sample preparation 
Separation and detection 

Technique 
Year Ref. 

 

Poultry 

 

Plasma 

 

FB1, pHFB1, 

HFB1, FB2 

 

0.03-0.17 

 

0.72-2.5 

SPE 

100 L plasma + Oasis® Ostro 96-well plate + 300 L 

ACN/1% FA  

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.8 m)  

MP: (A) H2O/10 mM 

ammonium formate, 0.3% FA; 

(B) ACN, in gradient conditions 

Detector: ESI (+), QqQ, MRM  

2018 [57] 

 

Poultry 

 

Liver and 

gizzards 

 

AFB1 

 

0.02-0.05 

 

0.08-0.15 

LLE 

2 g + 8 mL MeOH. Shake and centrifuge. Dilute 300 L 

supernatant with 900 L MeOH/extraction buffer 

ELISA 

AFB1 MaxSignal® commercial 

kit 2017 [58] 

 

Poultry 

 

Plasma 

Feces 

Urine 

 

ZEA, -ZEL, -ZEL, 

Phase II metabolites 

 

n.i. 

 

n.i. 

SPE and (LLE + SEP, combined method) 

plasma or urine sample + Oasis HLB Cartridge + 

MeOH/H2O (5/95, v/v). Evaporate and redissolve in 

in ACN/H2O (15/85, v/v) 

2 g of homogenized feces samples + 10 mL EtOAc. 

Shake. Centrifuge. Evaporate (N2) and redissolve in 

ACN/H2O (15/85, v/v) +  

 

LC-MS/MS 

Column: C18 (100 mm x 2.1 mm 

x 1.7 m) 

Flow: 0.3 mL/min  

MP: (A) H2O/0.1% FA; (B) 

ACN/0.1% FA, in gradient 

conditions  

Detector: ESI (-), QTOF, MRM 

2017 [59] 

1 



 

 

Abbreviations: 

15-ADON 15-acetyldeoxynivalenol 

3-ADON 3-acetyldeoxynivalenol 

AA Acetic acid 

ABM Animal Biomonitoring 

ACN Acetonitrile 

AFB1 Aflatoxin B1  

AFB2 Aflatoxin B2 

AFBO Aflatoxin-8,9-epoxide  

AFG1 Aflatoxin G1 

AFG2 Aflatoxin G2 

AFL Aflatoxicol  

AFM1 Aflatoxin M1 

AFP1 Aflatoxin P1 

AFQ1 Aflatoxin Q1 

Afs Aflatoxins 

AME Alternariol Monomethyl Ether 

AOH Alternariol 

ATX-I Altertoxine I 

BEA Beauvericin 

CIT Citrinin 

DAS Diacetoxyscirpenol 

DBS Dried blood spot 

DH-CIT Dihydrocitrinone 

DOM Deepoxydeoxynivalenol 

DOM-1 Deepoxidesoxynivalenol 

DON Deoxynivalenol 

DON-15GlcA DON-15-glucuronide 

DON-3GlcA DON-3-glucuronide 

DON-3gluc DON-3 glucoside 

DON-s DON sulphate 

EFSA European Food Safety Authority 

ELISA Enzyme-Linked ImmunoSorbent Assay 

ENNA Enniatin A 

ENNA1 Enniatin A1 

ENNB Enniatin B 

ENNB1 Enniatin B1 

ERGOT Ergot Alkaloids 

ESI Electrospray ionization 

EtOAc Ethyl acetate 

EU European Union 

FA Formic acid 

FB1 Fumonisin B1 

FB2 Fumonisin B2 

FB3 Fumonisin B3 

FB4 Fumonisin B3 

FBs Fumonisins 

FLD Fluorescence Detector 

FUS-X Fusarenon-X 

GlcA Glucuronide 

HBM Human Biomonitorin 

HFBx Hydrolized FBx 

HT-2 HT-2 toxin 

IAC Immunoaffinity Column 

IARC International Agency for Resarch on Cancer 

IV Intravenous administration 



 

 

LC Liquid Chromatography  

LLE Liquid-liquid extraction 

LOD Limit of detection 

LOQ Limit of Quantification 

MeOH Methanol 

MON Moniliformin 

MP Mobile phase 

MRM Multiple Reaction Monitoring 

MS Mass Spectrometer 

MS/MS Tanden Mass Spectrometry 

n.i  not indicated 

NEO Neosolaniol 

NIV Nivalenol 

OTA Ochratoxin A  

OTα Ochratoxin α 

OTB Ochratoxin B 

PAT Patulin 

pHFBx Partially hydrolized FBx 

PO Oral administration 

PSA Primary Secondary Amines 

Qorbitap Quadrupole-orbitrap 

QqQ Triple quadrupole; 

QTOF  Quadrupole-time of flight 

Qtrap Quadrupole- ion trap 

QuEChERs Quick, easy, cheap, effective, rugged, and safe 

ROQC Roquefortine C 

SLE Solid Liquid Extraction 

SPE Solid Phase Extraction 

SRM Selective reaction monitoring 

STER Sterigmatocystin 

T-2 T-2 toxin 

TENT Tentoxin 

ZAL  Zearalanol 

ZAN  Zearalanone 

ZAN-14-ClcA Zearalanone-14-glucuronide 

ZEA Zearalenone  

ZEL-14-ClcA Zearalenone-14-glucuronide 

ZEL-16-ClcA Zearalenone-16-glucuronide 

α-ZAL α-zearalanol 

α-ZEL α-zearalenol 

β-ZAL β-zearalanol 

β-ZEL β-zearalenol 
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