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Abstract

Mycotoxin-contaminated food is an important public health issue. The aims of this study were to monitor mycotoxin
contamination in Korean ginger and to investigate storage conditions to reduce mycotoxins. A total of 44 ginger
samples (27 gingers and 17 ginger powders) were analyzed for contamination with aflatoxin B, B,, G;, G;, ochratoxin
A, deoxynivalenol (DON), nivalenol (NIV), and zearalenone (ZEA). Mycotoxin levels were quantified by
ultra-performance liquid chromatography after immunoaffinity column clean-up. At least one mycotoxin was present
in 37.03% of the ginger samples (10/27) and 41.17% of the ginger powder samples (7/17). NIV was the most
frequently detected mycotoxin in the ginger samples (37.03%, 24.74-263.40 pg/kg), while DON (35.29%, 17.62-401.58
ng/kg), NIV (29.41%, 73.24-439.65 pg/kg), and ZEA (23.53%, 5.80-97.84 ng/kg) were frequently detected in the
ginger powder samples. Aflatoxins and ochratoxin A were not detected in most of the ginger samples. In addition,
two or more mycotoxins were found in ginger (25.93%) and ginger powder samples (29.41%). In the storage experiment,
DON and NIV levels in ginger were significantly lower under 13C and 96% relative humidity than under the other
conditions. This is the first report of DON and NIV in Korean ginger samples and the co-occurrence of Fusarium
toxins.
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N B o TS obgste] 7k U WviAel Zejupgoel o)
Basx] oRerh. WA Lol Bgol At oF 4000]

SOl F=2 ZAF H= A2 oFEEtEAL 2T2EAl A, F

0T % Q%0 F- UM B LT 5 UrkLeest Ryu,
2017). ABY A, 52 2 A 59 Bl AT B
ol Eat A AAZOE T oF 25-50%9] AL 4
AIZIEFTL 22 GOm(FAO, 2004), o152 B2 - st

U4l A=t Ego]INAIT HFol5ASl HEAY
dels, Udels, T2 54 So|thBinder 5, 2007).

A A4 (International Agency for Research on Cancer,
IARC)= P Ts] ofEehEA1S =2 (Group 1),
QIAZEA Ax AL FsEZ (Group 2B)E E5H5111,
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Agel= gAY e IEdE £57T & ¢l
Z(Group 3)Z EFokal UTHIARC, 1993). Edfo|Z4

> fr
5 o

E40 AR 5L UUBAT BRI AT TE,
AR}, A Ak W Ask DNA &4 5 201 5 3

THArnold 5, 1986; Mirocha 5 1971; Pestka, 2010; Wu,
2014). wEbA U HIERE 74 A vl 5 A Al
A o F7lo|A ol EEEAlL RATEAL A, HSAYLT
&, AgEhs, FEU4A 59 =40 gt 68715 275t
o HSIaL ATHMEDS, 2018a). T Filant FEAE
SolA Fgolmh 2Ho] RIHsHA ERIH] wEKHan 5,
2012; Zinedine -5, 2006) oI thgt SFAY A7 5]
I e} wEha] FA1A o s FAlE E oREAE] titt 8
ol=4 518 7IEXE AAsHAY 1 V1S distalor
(EPC, 2016; JPC, 2016; USPC, 2017), S-&|utzt= & of
ZEAS] V&S AEA YR U HA 7eAlEo g S
slo] st JITHMEDS, 2018a).

A7 (Zingiber officinale) RB73T0) &ok= A =&
2150 B, E179 ujluty}t 32 7HAAL Qlol, 2
AEE AR HY, 71, & 52= 7HgE o] tefstA
O &=L Ut} A dofl A otdTh A <of| x| FAk=]w <l
&, S, UolAgo} 5ol F= Ao} ) = 5
o7 £EHY Y A IS S, S A, AR
AN F= A= AEiEA2 20199 V1<, 2,324
hao] 1l AYAIERES 24,966 tone O & FHEICHMAFRA, 2020). A
7 A A E(zingerone), A E(gingerols), £712(shogaols),
25 (paradols) 59 AEGEES el Halx o]
Q1o (Yang 5, 2016), TALSK Stoilova 5, 2007), TaH(Park
5, 2008), &Fxc(Akhani 5, 2004), TE=(Kubra 5, 2012)
S TR AEj@/do] Harx|o] Qlrth

A2 A8 4 ok8A 7K E sl B2 57104 Ee
AREE L Qo FgolE4 R%o] HIFlS| Halk|o] it
Holzg)7lofa] o533t Ao Wil A $3ste] of
SHEAIY Q¥ RARE A3 ofEEHEAl B R3FE
£ 0.01-6.04 pg/kgolA ot} 86% oAt &2 QAL
ERAQIEAL HASEitH Omotayo 5, 2019). Hl=5oflA= 39
NS} A7} Aol thof] o ERtEAlY @ AEkE4l A9 0%
= ZARE A 267(66.7%)014 oFEEFEAlC] 1-31 pgkg
TEOE ASEUL, 2AZEAl A= 2971(74.4%)0014] 1-10
ngkg $EoE Q¥EY Y40 wE2 HASIH
(Trucksess &5, 2007). Yo|R|g|olo| A= A7} 7] A7
9] Fol5h LUE AR A} 9710 of STt EAlT &
AEAl A9] &0 ATt =UoH B LA
Z¥Zr 31337} 5.10 pgkgo]etal Bl Lippolis &,
2017). o]e} o] A7 =LlollA] WA7Fs/39 ofEtEAl
I FTEA] Ao FHARE FAREE LA Qo o]

)
iy

7} 719] Qlof @ A} Tolo] AFsIet. et
ol AR A D AR Bl
ARS 2ABIGOm, BHolEA S 9T A
< wAsolr

h=4
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=2
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e rlr

N g
B

o R
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2o

o)

ERTRT

I FAARL S A4 e A5 AetollA skt 5

H S =0l 7o) Aol & 5 ol&dE AARE
T2 SFAl Aetoto] 70T QB4 48A17F Bt XS

2% A7 E47](CMFP-40000, Hanil, Seoul, Korea)S
o]gsto] AR & 20T ¥5 HstHAl A AR
sttt A 7HE= E¥AF B AR R
U A4 F 17THE, 33, A5, 53, A, 13 35,
33 S, 3% A, 28 AEEA 150 g oDHE Y
sto] A ARESISITH

¥

AR AEE et A2 20209500 F A (A, B)ofIA]
Skt 242 ARgslnh AL AGER 20 ke T oleiR}
2R 5C/73%, 13T/96%, 14C/68% AAZANA 20208
119 16958 2021 59 184714 677t A4s13ich
o] 2L 77 W ZAGT/I3%), LR BN 183}
= AL 27(14T/68%), 1211 7S] F4 FA1E 9
3 B AFA3CI6%)°) AFIIt AP e L
OF AEEL 3 A7 HE08 AE 2 - $EA(HOBO
Pro V2 U23-002, Onset Computer Corporation, Bourne,
MA, USA)E ol-&sto] S7gsiqinh. A713F 9 Ad=x70)
TS A3l Fgols4 o RARE flsi A% 0, 2, 4, 674
4 3 A= 1 kg¥ 33] fAsto] oA Arget Axt ol
AlA & A% 9 opafsto] YEa(-200)0] HashHA =4
Ao ARE-SHTh

2

n> oot

Aol ARESE HSAIU s, Uddhs, AlEds, ofkEst
EAl By, By, Gy, Gy, 238EAl A= Biopure(Tulln, Austria)
Ape) AEL 745t0] ARG}, OPAE L E Hacetonitrile,
ACN)Z} HEF(methanol, MeOH)-2 high performance liquid
chromatography(HPLC)<(Fisher, Darmstadt, Germany)< AR&-
5}t Phosphate buffered saline(PBS)= Oxoid(Hampshire,
UK)oJJA] SEJ5}o] ARSIt Acetic acid= Merck(Darmstadt,
Germany)9] AlES ARESIATE SARFAUEE(NaHCO;),
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Tween-20, trifluoroacetic acid(TFA), @SP}EH(NaCl), &
EAR2 Sigma-Aldrich Co. Ltd.(St. Louis, MO, USA)o|A] -
QAsto] ARSI} 33} S54~= Millipore (Bedford, MA,
USA)9| ZFA|RFA|E o-85te] 182 MQ oo = A
2510] AL

M=o & 2L A

oAU m Udelse] AAE= Lee 5(2020a)2]
WS WPkl 353t Al 5 gofl 20% ACN 20 mL
£ 7F5to] 300 rpmoflA] 1AIZE &9 X" F=Z(LSI-1005,
Daihan Scientific, Seoul, Korea)s}3itt. &ML 2,898 xg
o4 1087 FAIEeIslo] AEONE BB, 45 5 mL
2 3] 13 255 20 mLe} EFSIe] AT AL83H
t}. DON-NIV Y34 #(DON-NIV™MWB, Vicam, MA,
USA)o]| &3 25 mLE BIAIX] 2-3 drops/s), 12} S5
(10 mL)E AJASI3ITE FAP|E ol-&ste] A-of| dol 3l
+ &2 AR F MeOH 2 mLE 7Isto] ZHof| ol Q=
5AE 8E019th 8292 Aa AXR(GS0T)sH, ol &
ol(1 mL, water:ACN:MeOH, 90:5:5, v/v/v)2= -85} 3 &
0.2 um A|@A] HE|(PTFE 13 mm, RD Tech Research
Develompent, Gyeongju, Korea)Z o} & ultra performance
liquid chromatography (UPLC) £4-& 4d5}9itt.

A= B2 Lee 5(2020b)2] BFH-S widsto] S=8)5}
et A& 5 gof NaCl 1 g& H7I8E 3 75% ACN 20 mLS
ol 1A[ZF 53t X FE35131ch 2 A2 2,898 xgollA] 10
5% YHEYE O ATH 5 mLE ¥eH ol 13+
S5 20 mLe} Egksto] AA|Rgo] ARgSit HANE A
H(ZeralaTest WB)of| £4HE SIHAZ] Th 10 mLo] 557+
= AAs o™ MeOH 2 mLE ZHo] 715l =45 &
o1t} 8292 dAa AXE F 1 mLY ol 89
(Water: ACN:MeOH, 43:35:22, v/v/v) 02 A&3| 5150
0.2 um AJHA] FE|= o}t th3 UPLC #442 88513tk

oRZeHEAI9] ZA4)2 Trucksess 5(2006)2] WS HFst
of 5l A& 5 gofl NaCl 1 g F2-8H(MeOH:1%
Tween-20 -85+ PBS -89=8:2, v/v) 20 mLE 41! 300
rpmOf| Al 1AIZF B2t 2" &39It FEHL 2,898 xgo|
Al 102 329t AAEEsto] dofdl A45A 7 mLE Fof 28
mL2] PBSE #e 3 thg @EH 20 mLE s HAIEH
(AflaTest WB)Ol F=U45t3ict. A1 A=l 10 mLe] PBSL}
THTE 474 &8 ELES AAT o3 MeOH 2 mLE
8 =4F 801t 8542 A4 HUR(50T) & TFA
0.2 mLE o] 2704 20& 52t BFAIFT HFeH
20% ACN 0.8 mLE 713} A 392, 0.2 um A|HX]
ZE & UPLC 242 S35

QFFEA] AQ] B2 Truksess 5(2008)2] WS ¥HESH
of g5t} Al= 5 gofl NaCl 1 g3t $=&-89%(MeOH:0.5%
NaHCO; $898=7:3, v/v) 20 mLE 7}l 300 rpmoj|A] 1
A7t Bt FE01TE FE2HS 2,898 xgollA] 108 B9t o
A 85 T ASH 7 mLE F3) 28 mLY] 1% Tween-20
T4 PBS 80 S|FIgom, 549 35 mLE W
Z12FA 7 (OchraTest WB)Ol F=4s5t5ict. Ao 10 mM
PBS 3 mL2 7}5lo] 13} A3t The, 5 mLo] E& 23} A
H3i910m, 2 mLo| MOHE FUslo] £48 82319
L2 A4 ARXGBOT) T 1 mLY °54H(1% acetic acid
7} 0] %= water:ACN=5:5, v/v)O2 855t thx 0.2
am A7) W ¥ UPLC 248 Sasolct

HPLC BMZZ

HEAYEElE, Uddss, Agdks, ok&gE4l B, By,
G, Gy, 238=4] A= UPLC(Waters Acquity UPLC® H
Class, Waters Corp., MA, USA)E Ar&oto] A 9 A
Bt B4 AYL Xselect CSH Cig, 1.7 pum, 2.1x100
mm(Waters Corp., MA, USAYS ARESIIL, 95 03
mlmin, AR %S0 10 L, 24 A7F 1082] Sgu)22
(isocratic) 0 2 HHISICE, A kB L)
22 water: ACN:MeOH(90:5:5, v/v/v) ol 8A1T S0HE7]
(diode array detector) TFY 218 nmE ARl £4S 43
SltE AlEE= £48 oB5AR water:ACN:MeOH(43:
35:22, v/v/v)°]91al, BHHZ7](fluorescence detector) ITHA:
Ex=274 nm, Em=440 nm& 7Z5}19it}. oj=alEA BA g
O]5ARS water: ACN:MeOH(20:65:15, v/v/v)°|aL, FLAZ
7] 5F§ Ex-360 nm, Enr440 nmE AFg31o] 2442 251l
o QF2EAl A BAE 95t ol 5AR 1% acetic acidE SR
3t 50% water:ACN(1:1, v/v)C2 sl oH, d34%7] o4t
Ex=333 nm, Em=460 nmE ©]-&slo] H4E =353tk

ato] ek 7ho|EEelof Este AR fadS HE
FTHMFDS, 2016). 244 &R1S {5l dlSAIYl=3t
U &-2 0, 50, 100, 200, 500, 1,000, 2,000 ng/mL, A&
=2 0, 2, 5, 10, 20, 50, 100, 200 ng/mL HE7} EE=
AFAZ 2/Jsttt. ofZ2kE4l By, G 0, 0.01 0.1, 0.2,
0.5, 1, 2, 5, 10 ng/mL o}=TEA] B,, G,= 0, 0.025, 0.05,
0.125, 0.25, 0.5, 1.25, 2.5 ng/mL 57} HEE A5
o, @I EAl A= 0, 0.5, 1, 2, 5, 10, 20, 50 ng/mL %7}
HEE A6 s EEEES Z47] u3 HEE
o|-gsto] HFAZ 2ot on, AL ZHASE ot
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2 BJolsh] 9o Baof ©
QE|) ke 7] BERALS AN T B4l 2y
9 Al EEH X (relative standard deviation, RSD)E AH&5}
At ElEA Y= YdEks2 200, 500, 1000 ugkg
Fo] HE== A7t eH, AEd=2 50, 100, 200 pe/kg
TEO =T J7ISH oRESEARE By, Giiz 2, 5, 10 ug/kg
o FEE H7RIG0M By, Gr 05, 125, 2.5 pgkeo]
T5 A7tk @32kEA1 A= 2, 5, 10 pgkeo] HEE
Wistel B2 2RI Sg 4B 3 WEg 4
Fatlom, sla-& H+tit RSDE Alilsto] AlHe] gt
£ 9 JUES Brisiein AT TeokETs A
A Al o Z-SH](signal/noise ratio) S 322 ALSHA= A
Fele) 39 ooz slaint

et Al gehd Bl e

o

EA2N

A% A A= SPSS EAAE LEIY(IBM SPSS
Statistics 20, SPSS Inc., NY, USA)S AR&3lo] Axjgho] tis)
ANOVA ZAL AAFH T 9.920] A2(p<0.05) Duncan’s
multiple range test2 EAISH 494 RAIIH. BE
AL 3UHE-S ot

OH(Data not shown), I5&3 HE 9 FFH=
Table 10] YERHSITE & A W2 3= 70.9% oVt
4 15.4% olote] RSDE UERfo], A9FA 9] ‘4l& 5
A8y ok EEEAl At rol=elel o) Blg 9 4
4 FadeE Uiyt tleAUdEEr) UddE
% % HFWAE Bryla 5(2018)0] AT AEIA 42
4.8, 10.1 pg/ket 1A 217t 16.8, 33.1 ng/kgH ek =%
om, ALY =0 A& ¢ HL3Al= Ibanez-Vea 5(2011)
o] B3t 0.3, 6.0 pg/kghth =4t oFEetEAlY HE U
eS| = Wen 5(2013)0] E 13 74(0.03-02 pgkg) 2
JRA(0.1-0.6 pg/kg) Tt Wotom], FUT FHofA B
o 23241 A9 HE(0.1 pgkg) B FFRIA09 pgke)
Ho}h 52 20|30tk Z4719] F3ol549] AR8ntE IHS

Fig. 10 eI

o 12 o

LA o] 50|54 g

Fusarium %2 EFo|A E5HA AAlsk= di#ZAQ ES
A Bt & 11§ di= 545 A5k 8otk
F. graminearuma HZAINLHES, F. asiaticum> L=
& F2 Ao A= F. graminearum@} F. culmorum
30l olsf] = BHEH(Lee 5, 2012). OFERIEAR Aspergillus
favus@} A. parasiticus©l| &3] F2 JAJEH, 2 TZHEAl A
= A. ochraceus £} Penicillium verrucosum®] 2J5f] F2 A

TmO|SA0| AM, AZHA U U, 548 ¥ HHMarin 5, 2013; Van der Merwe 5, 1965).
LT SR A7 AHRS] Bl Q@S AR 2
AN AHARRYE 09992 oo e Hgket 20] T OPRE 27 37.03%% 4L17%E AR 40|90t

Table 1. Recovery, precision, limits of detection (LOD), and limits of quantification (LOQ) of mycotoxins analyzed in this study

Mycotoxin” Recovery” (%) + RSD” (%) LOD LOQ
Low level Medium level High level (hg/kg) (ng/kg)

DON 93.86:5.14 93.97+1.19 90.02:1.04 17.00 50.00
NIV 82.46+2.97 84.66:+0.91 79.61£0.96 17.00 50.00
ZEA 77.04£13.63 83.1542.45 86.66+3.71 3.00 9.00
OTA 83.91:10.53 88.7143.58 85.64+2.08 0.35 1.20
AFB, 76.703.26 78.96+4.49 77314174 0.03 0.10
AFB, 79.07410.17 84.07:66.04 89.44+0.08 0.01 0.03
AFG, 76.54+3.66 74.14£15.42 81.56+5.07 0.03 0.10
AFG, 76.85+3.52 77.94£11.70 85.88+4.04 0.01 0.03

YDON, deoxynivalenol; NIV, nivalenol; ZEA, zearalenone; OTA, ochratoxin A; AFB,, aflatoxin B;; AFB,, aflatoxin B,; AFG, aflatoxin G;; AFG,,
aflatoxin Go.

PDON, NIV: 200 pg/kg (low level), 500 pg/kg (medium level), 1,000 pg/kg (high level); ZEA: 50 pg/kg (low level), 100 ug/kg (medium level),
200 pg/kg (high level); OTA, AFB;, AFG;: 2 pg/kg (low level), 5 pg/kg (medium level), 10 pg/kg (high level); AFB,, AFG;: 0.5 pg/kg (low
level), 1.25 pg/kg (medium level), 2.5 pg/kg (high level).

JRSD, relative standard deviation.
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Fig. 1. UPLC chromatograms of blank ginger sample spiked with mycotoxins.

(A) NIV (nivalenol), DON (deoxynivalenol): 200 (green line), 500 (blue line), and 1,000 ng/kg (red line). (B) ZEA (zearalenone): 50 (green line),
100 (blue line), and 200 pg/kg (red line). (C) AFG; (aflatoxin G), AFB, (aflatoxin B,): 2 (green line), 5 (blue line), and 10 pug/kg (red line);
AFG; (aflatoxin G,), AFB, (aflatoxin B,): 0.5 (green line), 1.25 (blue line), and 2.5 pg/kg (red line). (D) OTA (ochratoxin A): 2 (green line),

5 (blue line), and 10 (red line) pg/kg.

(Table 2). A A7 UiHls 2HE(37.03%) 9 2@¢+F
(24.74-263.40 pg/kg)ol 7H w9roH, A=, QI8=
Al A, CISAIULEE, ofEetEAlo] B 17 ol HEHS
O} 9 AFEE Wit ABAdoA o} EEtEAl B9] 2A4E

2 0.07 pgkgo® 2uete] Xiol871E2(10 pg/ke)<
0.7% 0= wie- 2ot 7 vl E4%0 QT 54
A, HEA U ERs, UdEks, Agdey 49 379 7&
= A8PZ o 7SN (QIAHEAL 5 pgkg, CISAIUE
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Table 2. Incidence and levels of mycotoxin in Korean ginger and ginger powder

Incidence (%)

Mycotoxin levels (ug/kg)

(Number of positive sample)”

(Detection/sample)
DON? ZEA OTA Total AFs
Ginger 37.03% (10/27) 61.75 (1) 24.74-263.40 (10)  3.00-15.73 (5) 0.35-0.67 (3) 0.07 (AFB)) (1)
Ginger powder 41.17% (7/17) 17.62-401.58 (6) 73.24-439.65 (5) 5.80-97.84 (4) ND? ND

YMycotoxin level >LOD (DON, NIV: 17.00 pg/kg; ZEA: 3.00 pg/kg; OTA: 0.35 pg/kg; AFB,;, AFG;: 0.03 pg/kg; AFB,, AFG,: 0.01 ng/kg).
DON, deoxynivalenol; NIV, nivalenol; ZEA, zearalenone; OTA, ochratoxin A; AFs, Aflatoxins (B, B,, Gi, Gy); AFB,, aflatoxin B;.

IND, not detected.

& 1,000 pgke, AFHe=: 100 pgkg HE#EES 7|0l
o] gAY & 5L 1,000 pgkgs 4-2)9] 6.18-
26.34%= AT A0 2 AHZET A7 HEZAIUE
F=(35.29%) > UddE(29.41%) > AZDE=(23.53%) &
o= QHEo| =9kom, ol EHEAT FHEA A B
AEEUT 7R HEAYUEEE, Udds, AEd
=9] LASE2 A Aol Hlel =okout HiEA YL ElsS
A Qsta BAH o R Gl QIith(Data not shown). AY
37V ZAN FHo] FA] P2 WA o8 B 550l
=4 29E0] B2 4 AUtK(Yang 5, 2019). E3E, YA
A0 JEHHO| 245 golsd A0 1 & Sl
ool AAET AAA7ERNA F80l54 LTl 2
Aoz et

FUAE AR O] FHo|E4 QPAE A EH F3o|
54 Qe QHSEE FEEE Ao|7t QU Kim &
2013y SHAF FFONA FBolmh LU AR A3,
Hiulel HeEjoflA AlgH =] LAES 27t 36.2%2} 34.9%
ojloH, R FF 27t 6.66 ng/ke, 8.95 ug/kgel At
3L B sigiek ERE, Wuje) HejolA HieAydeEe] o
&2 77} 6.4%, 55.8%C1900 Q¥ 93.10 pgke,
334.0 pgkgC = H2]9] @ HLI} QLo AH o= =
UTHIL HIAISIAT. Jang 5(2008)2 77 & A= 2
gg U QASEL 747} 10.2%, 8.01-38.98 pgkgo| ATkl
K5} Park 5(2013)2 38418 15171& AR 23t
oFEEEAIY} e FTEAl AV HEF| M, ol EEtEAl0]
HE2E F52 599032 pgke), 3H(1.80 pgke), 157
(0.40-0.55 pg/kg), BEHE](0.33-0.99 pg/kg), T3=7FR(0.25-
091 pgkg) °loH QIztEA A7F A& 52 1%
(0.97 pgkg)olrkal Tk 2018W A9kA] o] A&
9] Fgol=A 71 - 4 AB7F BaAo] = = A
& E AR7IRANA TBolsAe HERA YTHMEDS,
2018b). ZL2{L} Choi 5(2021) RIFA|2 ARG U4t
(A7) 16300 tisl] ofEetEAl 2A2HEAl A, FHY
A, A=Y 2AS AR 23} 434(25.0%)0014 Al

1=0] 3.89-15.96 pgkg FTOE HEEUOH ThE Hie
AEEA Foktha B st ol £ A A4 okF
SEAIT e FEEAl A= AY HEEA gl AGY =
A9 et Ak A= LA} L AeE E3t
FAFstSITh

=9 A7 FolEh ATAHE ATEH I7PER
Afolg HtE. Wen 5(2013)2 S=2] 733} A73710
sl orEetEAlTY @ A2REAl A9l QS ARt A} A
ol E47F HEEA] Goko, A7 FRoIA = ofgt
41 B2}t Go7t %A ©IsKB.: 0.3, G 0.2 pgke)E 4
EF oty Hyskglct =3k Fgo|7t 1 A AR 359
A QI TEA A7} 0.32-5.17 pghkg 20 AEEgom,
37 EH 61 5 53041 oFEEtE4l Bo] 0.13-1.38 pglkg
$Z02 AZEry BTt Wen 5, 2014). E7]9]
Ae 73] ol EetEAl B9 232 AR AT, 75%2]
FE&S YERGoH, QAT 3.8-23.1 pgkgO = =0Tt
1 B 151K Tosun} Arslan, 2013). KoulZ} Sumbali(2008)
£ AmAF A7 2770 ol A=t tiSA VS sS
ZARRE A3} 27(7.4%)00lA AlEH=0] 13.44-14.51 pg/kg 5
£02 Ao, HSALHES 47(14.8%)°14] 4.85-
10.35 pgkg =02 HEEJAct Hustct 29| A%
o] Fgol5A AT ZE HuPS o = B of S
EAl3t 0 FetEAl A9 QAFES Q| v Woront,
tlsAUd ks, Udds, A=y L9 Atde
2 =2 Hollth A B9 Fusarium =4 L A520]
Ol HTt =2 olfof gt F7HARl A7 Wed Ao=w
s

AR9] FPolEh FE 0FE RARE A}, 25.93%9] A
&A= F F ol FEolEA0] QEH AR vEht
THTable 3). §3] Uddlsat Agg=9] 35 292 35
QAT AIAZO] 71.43%(5/7)2 PEES X519t A
A7V FHolEA FE QT2 2941%¥oH, TE
e 549 2o RE glgA st Yddhks = bl
ZAUSERE, U, AZel=08 K5 Fusarium <5 ¥



884 F=AFATRENEA A28d A72 (2021)

Table 3. Co-occurrence of mycotoxins in Korean ginger and ginger powder

)

Number of positive samples”

Number of mycotoxins Type of co-occurring mycotoxins'

Ginger (n=27) Ginger powder (n=17)

DON, NIV 1 2
2 NIV, ZEA 5 0
ZEA, OTA 1 0
3 DON, NIV, ZEA 0 3
Total (%) 7 (25.93) 5(29.41)

YDON, deoxynivalenol; NIV, nivalenol; ZEA, zearalenone; OTA, ochratoxin A.

Mycotoxin level > limit of detection.

Bo|7t Aok =AY Fusarium 54-2] 7% 3t 457}
TSRt Fusarium 548 34T 5 7] o] S5 23]
A A= (Smith 5, 2016), 5471 S5 2AE FF 9
7t dAEAETE Fobd = Qlrk(SpeijersTt Speijers,
2004). wietA] FS el H7EE I3 38054 HYE
B A FTE 29 o5& W HESH= o] 8T Ao=
ek

TUjo] A% =3t g A7olA ofEeE Al Tzt
E41 A9 Qo] A9 LAsHA] k2 BHH HlEA U,
Ui, Algel=g o] 2 WSttt 72 44
of IEto] 108 F<=ollA 1Y 0 o] wiio] 714
Z70] Aspergillus®} Penicillium®] AJ70] Zgls}x] 42 A
oF ghEch I8y X7 2UslE Q19 ABd 7R A
2 ZR2 79 SO = T of ST EAIN 2 ITEAl A9 @
A TAYS 4= Qlo] o] & thulgh AAIFRl 2 HUE o]
gagh Zo= o). A3 = Fgol=A 7lEE A
HEH ofZE}EXIB,, By, G ¥ G2 3holl tisf 15.0
ng/kg 7]z0] AAE 0] 9lom(B;= 10.0 pgkg °Jsh) HE
o] tisiA 7|o] AAEo] A FTHMEDS, 2018a).
A9 A9 AB7F2 ol ZeFEAl Biol|l tiell 5 ngkg, oFEEt
EA1 F3doll sl 10 pg/ke, 1AL @ FEEAl Ao] thsf 15
ngkg®] 71Eo] 7= o] ITHEC, 2006). A7 & A+
A9} 2ol S-ejuete] 715 W AR el £/ Fusarium
& ol 93t FolsAvt F2 BT = 7] HEe]
Fusarium 545 4R 2 HUEYE 33 95 B/t
ot I7|E A4 AE E Ast A7 ZgEojor T A2
2 Aot

M=o oE ST0|I5L0 2HE

Table 4= A Go] A= ThE A7 AR(A, BYE Al 7F
A Agz0lA 671 S1t AFSEAM FgolEs 29
ZARRE Aot} Ao mE A I s Al

=9] QY¥SZ2 A9} BAIE HF 14T/68% RAA 7HF
EUTE 14TC/68% 274 AX3E BARY HISA UL Hl=
AT A 20E F o 955.23 pgkg = 7Y =0k
o, AFH=9] Q5L AR 470E F 342.74 pgkel
2 7P A et YdEls 5C/73% 27014 478
B AR A A=A UddlE LAFES 701.58 pgkg
o= 7B =9kom 13T/96% R7ANA Q9G%Fo] 7t
Ut g, o EetEAlT o FEEAl A= ARTIZH6Y)
Zot =47} EAZEE 9t Data not shown).

A7) d =370 7HAE 59580l A ol &
Zo|=AE AT 4 AtiMarin 5, 2013; Milicevie 5,
2010). 732 2 3 AlF 2 glo] EF T A0l
AR &, o] 0] A= JH=E ARFE7| wiol w4y
0] Y] 1% o] WA| o A F Fufzt A
dold = Qlrt. A7 AFA] 10T ofske] 2EolA = A%
S} AYsto] a7} 21511, 18T oldoflAl= ot E 9
ZAYOR Qlof AEE A2 5= A2, 90% ofste] AJTh
FLolA= Fgolof o3t Fufgo] soldtiar d#A ot
(RDA, 2005). Jeong 5{(1998) 7, 12, 20C 9] 2%=2} 75%,
85%, 95%9] AJHiszIeollA Z¥2r AAetaA 37 42
H| w3t Axt, 7C9F 20Co4 S AR AR A7
A 47t ANt ot @44 = Qlsl FdA s} =
Al AP AL, 12T/75%%1 A--oll= 702 2% A3t 5
ArS Frs S IA veRd b, 12C/95%01 A%
e AR = A E, RS, Pokg 59 2E #45
SHOA 7P 48t Z3E UESIThaL B arsieltt. o]
£ 2 AFoNA 13T96%IA A 3ol thE 240 H]
o HlEA = Udekse] Qo] sl % At
o9 FAFSIITE o] 242 A7l Hujeat 43S 11
ot W AR EE A7 AT Hi= 13T/96% A5
9] & - FEoA Hok= Ao] FFo|lEAE Aokl A
73] FuleS A= b Bgo] 2 AoE wddr: &

d
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Table 4. Level of deoxynivalenol, nivalenol, and zearalenone in Korean ginger stored at different storage conditions

885

Temperature/relative humidity

Sample Mycotoxin® Storage periods (mon)
5C/73% 13C/96% 14T/68%
0 <LOD? <LOD <LOD
2 19.22+5.0% 94.83+6.51° 186.90+30.91°
DON 4 67.89+8.93" 19.69+2.87° <LOD
6 32.78+2.70 NDY 65.46+18.81°
Mean” 33.46+22.43° 32.12438.67* 65.46+75.96
0 125.42+4.44 125.42+4.44 125.42+4 .44
2 545.22436.07° 39.7040.43¢ 315.20+16.69
A NIV 4 701.58+79.60° 234.56+23.53° 132.21£9.51°
6 471.89+50.66° 25.88+6.03 514.82+153.31°
Mean 461.03+224.33" 106.39+87.58° 271.91+179.23"
0 9.74+2.74 9.74+2.74 9.74+2.74
2 ND ND 178.79+39.31°
ZEA 4 ND 49.02+1.48° ND
6 ND 5.8242.57° ND
Mean” <LOD 16.15£20.23" 47.13+81.26"
0 <LOD <LOD <LOD
2 255.41421.15° 21.83+0.22° 798.92+21.82°
DON 4 140.97+26.98"° ND 955.23+38.38"
6 <LOD ND 656.20+125.75°
Mean 104.05+108.15° <LOD 616.55+387.62°
0 <LOD <LOD <LOD
2 229.71424 .49 <LOD 113.84+5.74°
B NIV 4 81.39+4.90° ND 137.37+27.17°
6 27.73+1.17° ND 17.6246.52°
Mean 88.54+89.62° <LOD 71.05+58.92°
0 ND ND ND
2 ND ND 39.07+34.40°
ZEA 4 ND ND 342.74+37.90°
6 ND N.D 139.64+15.63"
Mean ND ND 130.36+140.55°

YDON, deoxynivalenol; NIV, nivalenol, ZEA, zearalenone.
JLOD, limit of detection (deoxynivalenol, nivalenol: 17 pg/kg; zearalenone: 3 pg/kg).
Values are mean+SD pg/kg, Means with the different letter within rows were significantly different (p<0.05).

YND, not detected.
*Average of all periods.
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oA AFEEE A AL 2= Ao 57t
70% oJo} 02 W] HiEo] FEE 96% £SO = =0
A AAsl= o] E9% Zog woEr

Versonder 5(1982)2 255420 F. graminearum®} F.
roseum®] HIZAUEEE e A HAHEe 44
2930C, 25-26C R, HALELE o 11TY A0 o=
SRt Megan} Lacey(1984)= F. culmorum, F. poae, F.
avenaceum 2] A BT 20-25CF, 5-10C9} 35T
ofjAi= AAo] AFITHL 519l oH, HHL oA XHE
AL 0.98-0.995, HASHTHTE 0.90-0.910]cH
B35k} Wawrzyniak 5(2013)2 H |04 F3go]9] AY
A2 A2 HT SRS B & 9k ok Barsk
Ftt. I3} Hope 52005y F. culmorum™} F. graminearum
2 91T HES oA Ln9t SRS} =952 &
go]9] o] 71tk RSt} Zhang 520192
2 15T/50%, 20T/65%, 25T/75%, 30T/80% ZAo|A K
HSPHA Fusarium 542 @ B 2ARRE A, A% 671
T 25C/75% 2004 ElSAIU L= 29 52 1,103
ngkgl w2 7P =il Hskelrt. 3, ALt A

St BE W Fusarium =4 E3F @ PpFo] Wkt
3 Basied}. o]2fgt Aik= 2 Aol A st 70%
o[t F 2B 96%AH AN BT FgolEA
Qo] Wl Zxel ERith 87 SRS 83%E
o Eom RO SRS 14-23%2 W2 Ho| &3t
THRDA, 2005; RDA, 2018a; RDA, 2018b). wehA] =350|
4 A ARAL e RSl b gk 5
A Ao FtErh 12/ AERQ] AL A4 A5
£ o] 80| do] F7Vsto] =47t wol WAgsh vl
A =2 APFLER] 13T 5 &4o] A2 96% As®
oA F&o] FAE Fgo] LAYo] Ho] Z4E HA B
H= Zo7 moEc

2 A 23 Sor U Y] golsa 29
B ZUEs 23, o= I ofZetEAlY QT EA A
9] 2A2 AY YUAUY Fusarium < 3Fg0]o] 23k =411
oA IYEERE, UddEks, Agdi=e 290 3= W5t
AL A0 FE Qo] Tk ofx|TE A7} 2 AA37H
Fo] FPolmh LAFES IR golsd A o8
I B WS off QPARE ol it TR, A7 HgolEA
Apst A2 AS RARE A3, 13T/96% 27004 HlSA]
Yddlsn Uddlese 2ol 7 wokth wEkaA 879
TholEAa S f5f o] 2R AR AZF A%
SHHA TfEl= 73] Fgols4A RS BEoh W 5 3l
< 2= gz,

2 o

E ATs SUA A7) Fgol5A LAMEHE XA
I =4 ARSI A AR gAstaRt ok
Tt & 447119] =it AT AB73274], A7 RR17A)D)
of tisl] okZEHEAl LATNEA A, "ILAI VUL ElE, Yidd
&, A= QAEE ARG 279 B4 |
sPEEE ol8sto] AAF & UPLC 4 3ottt
A7 A= 37.03%0014 FFolEA7t HEEeH, UL
f=9] QAE(37.03%)°] 7HF EUIL 2 T2 24.74-
263.40 pg/kgol ATt 7= 41.17%00A FZol547t
HEEQL, dSAUEE = Uddks, AgE=e] 47
17.62-401.58, 73.24-439.65, 5.80-97.84 ngkg %02 A
=% Hh, ofERtEAIY e TEEAl AE HEEA AT
B3, BT 77ER] 2% o)l FolEA SELYE
2 7¥7} 25.93%9} 29.41%0]%0ch. BHo|E4 AL 9fet
739 A2 AL SAsE AT}, 13C/96% FANA TlLA]
el UddEs A= 7P Rolkth 2 Ate =
8732 Fusarium 5380154 294 Bl 35 2¥S AS0=
Hsich

o= I

%

#dAe 2

2 A7 U ST s HelE A
LAY @ZASE: PI014811)9] A Pog 3= LU Th
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