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ABSTRACT - Levels of beauvericin (BEA) and enniatins (ENNs: ENA, ENA1, ENB, and ENB1) were examined in
fresh ginger (n = 43) and ginger powder (n = 31) samples from Korea. In the ginger samples, incidence of BEA contamina-
tion was highest, at 62.79%, with a maximum detected BEA level of 640.07 pg/kg. ENNs in were found in up to 11.63%
(ENB, ENB1) of ginger samples, with a maximum detected level of 91.02 pg/kg (ENA). In the ginger powders, ENB con-
tamination displayed the highest rate of incidence (70.97%), but the highest level of BEA (1,344.18 ng/kg) exceeded that of
ENB (413.99 pg/kg). The incidences of ENA, ENA1, ENB, and ENBI presence in ginger powders were 29.03%, 22.58%,
70.97%, and 35.48%, respectively, and their highest detected levels were 220.45, 156.61, 413.99, and 70.29 pg/kg, respec-
tively. The incidence of BEA and ENN contamination was higher in ginger powder than in ginger. Respective co-occurrence
rates of BEA and ENNSs in ginger and ginger powder samples were 16.28% and 64.52%, indicating that the BEA and ENN
co-contamination rate was highest in ginger powder as well. This is the first report on the presence and co-occurrence of

BEA and ENNs in Korean ginger and ginger powder.
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CHgy R
Compound R, R, R,
Beauvericin -CH,C;H; -CH,C4H; CH,C¢H;
Enniatin A -CH(CH,)CH,CH, -CH(CH,)CH,CH,  -CH(CH,)CH,CH,
Enniatin A1 -CH(CH;)CH2CH3 -CH(CH;)CH,CHj -CH(CHj,),
Enniatin B -CH(CH;), -CH(CH,), -CH(CH;),
Enniatin B1 -CH(CH,), -CH(CHj;), -CH(CH,)CH,CH,

Fig. 1. The chemical structure of beauvericin and ennistins
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Table 1. MS/MS conditions for beauvericin and enniatins analysis
Analyte Measured ion Bt 1 Precursor ion  Production  Dwell time DP2 CE3 CXE’
min)’  (m/2) (m/z) ) vy V) V)"
Beuvericin [M +H]* 10.57 784.4 134.2/244.3 150 96 85/37 4
Enniatin A [M+NH,]" 11.05 699.5 100.2/682.5 150 56 89 /27 4/6
Enniatin A1  [M+NH,]* 10.82 685.4 210.0/196.1 60 66 35 10/8
Enniatin B [M+NH,]" 10.29 657.4 86.0/640.5 150 46 93/27 4/6
Enniatin B ~ [M+NH,]* 10.55 671.3 214.0/196.0 60 66 30 10

DRt, retention time

2DP, declustering potential

9CE, collision energy

NCXP, collision cell exit potential
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Table 2. Recovery, precision, limit of detection and limit of quantification of beauvericin and enniatins in ginger

Recovery (%)=RSD" (%) LOD LOQ
20 pg/kg 50 ug/kg 100 pg/ke (ng/ke) (ng/kg)
Beauvericin 92.07+13.90 108.3910.43 105.44+6.14
Enniatin A 104.56+4.97 102.86+3.73 100.58+3.73
Enniatin Al 99.146.50 86.96+7.52 74.29+9.39 3.3 10
Enniatin B 93.01£12.59 98.25+13.90 102.64+15.89
Enniatin B1 94.82+18.19 81.05+16.19 82.16+4.78

DRSD, relative standard deviation

Table 3. Incidence and level of beauvericin and enniatins (A, Al, B, B1) in ginger samples

Ginger (n=43)

Ginger powder (n=31) Total (n = 74)

Toxins Nu.mber of Mean+SD"  Maximum T\{u.mber of MeantSD  Maximum quber of Mean
p()Sltl\(/:):/0 s)ample (ueke) (ngke) positive sample (ugke) (ug/ke) poan&eA s)ample (ueke)
Beauvericin 27 (62.79)  105.73+142.20  640.07 21(67.74)  223.28+331.74 1344.18 48 (64.86) 161.72
Enniatin A 4 (9.30) 49.64+36.17 91.02 9(29.03) 78.02+£76.77  220.45 13 (17.57) 63.83
Enniatin A1 4(9.30) 23.91+14.93 41.16 7 (22.58) 55.94+53.73 156.61 11 (14.86) 39.92
Enniatin B 5(11.63) 32.19+20.23 64.23 22 (70.97)  112.02+127.48 413.99 27 (36.4) 72.11
Enniatin B1 5(11.53) 10.84+2.38 14.59 11 (35.48) 30.5+£149.60 70.29 16 (21.62) 20.67
Total 27 (62.79) - - 24 (77.42) - - 51 (68.92) -

" Mean=standard deviation of positive samples.
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Fig. 2. Chromatograms by LC-MS/MS: (A) standard solution at a concentration of 100 pg/kg, (B) samples naturally contaminated with beauvericin and enniatins.
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