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Milling can affect the distribution of mycotoxins in small grains. To investigate the effects on barley, seven
hulled barley and three naked barley samples naturally contaminated with trichothecenes and zearalenone
were obtained and milled at commonly used rates. Both barleys were simultaneously contaminated with de-
oxynivalenol and its acetyl derivatives (98.1-2,197.8 ug/kg), nivalenol and its acetyl derivative (468.5-3,965.1
pg/kg), and zearalenone (4.1-274.2 pug/kg). Milling hulled barleys at a rate of 67% reduced the mycotoxins in
the grain by 90.9% for deoxynivalenol, 87.7% for nivalenol, and 93.2% for zearalenone. The reduction in naked
barleys (milled at a rate of 70%) was slightly lower than in hulled barleys, with 88.6% for deoxynivalenol, 80.2%
for nivalenol, and 70.1% for zearalenone. In both barleys, the acetyl derivatives of deoxynivalenol and nivale-
nol were reduced by 100%. However, barley bran had significantly higher mycotoxin concentrations than the
pre-milled grains: bran from hulled barley had a 357% increase in deoxynivalenol, 252% increase in nivalenol,
and 169% increase in zearalenone. Similarly, bran from naked barley had a 337% increase in deoxynivalenol,
239% increase in nivalenol, and 554% increase in zearalenone. These results show that mycotoxins present in
the outer layers of barley grain can be effectively removed through the milling process. As milling redistrib-
utes mycotoxins from the grain into the bran, however, it shows that advance monitoring of barley bran is
recommended when using barley bran for human or animal consumption.
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2004; Wan 5, 2020).

Hel= 2740 B2 A ro upet AR et AH ez F7
TEE = o=t R s AES AASHA 24 B
R7FL 2 AHESt= B97t Jlo] 2HH FFolsa7F A
7} 2 4= ik B9 FFo|E5AE At ARk W
Ho 2= Fa2aFo A4 A 5 A, A A,
FaY A 91e 35 E= AESHE oA WA SOl

SR A APTHOREE AR A 29 EYY =
g4 A, =45 5% 29 7 AA, A% T 580l 4
UA] Fol vk AHe|e AR B =S Bl 27ZH0|
AAEH AlHE = 2o HelEo] o] S AA 75
Hrk

Heprl =49 of FFol=549 AA =20 3l Lee T
(1992)0] AL AR ejet AR el E 717 64%2} 73%E =33
= 1 F2530| 549 HIE Husiqich 2R =
AL, U, AE =0l 100%, 81%, 100%, &
Hejo A= 919] F471 100%, 77%, 100%7} ZH2E A3 =31
HlLee 5, 1992). Hong 5(2014)8] A-FollA= =4t 2R E
60%= =TS o glSAUdElE UdEl=ol] 84.4% A
A= o A =2 A7 F =7} o|He} ¥ekthHong 5,
2014). Y29] AtAdTte] W= HelE 60% =7 Al HI5A|
Ut =3} Ut 0] 94.6%9} 93.4%, 55% =4 A] 96.8%
9} 95.3%7} Z+ZF A1 7= QithTanaka 5, 2000). v]=22] AE&H
Zof| A= =R wet glEA S ElEe A Aert g
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Table 1. Instrumental analysis conditions

Condition
Instrument LC: Waters 2695 separations module
MS: 3100 mass detector
Column Agilent Technologies ZORBAX SB-Aq (3.0x150
mm, 5 um)
Column temperature 40°C
Flow rate 0.5 ml/min
Injection volume 10 pl
Mobile phase  A: 5 mM ammonium formate, 0.2% formic acid
in distilled water
B: 5 mM ammonium formate, 0.2% formic acid
in methanol
Gradient 1 2

0-0.5 min A: 95-70%
10-11 min A: 70-60%
11-12 min A: 0%
15-16 min A: 95%
16-20 min A: 95%

0-3 min A:35%

3-3.1 min A: 20%
5.5-5.6 min A: 20-0%
8.5-8.6 min A: 0-35%
8.6-12 min A: 35%
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Table 2. Change in deoxynivalenol, nivalenol, and zearalenone concentration (ug/kg) in barley by milling

Deoxynivalenol Nivalenol Zearalenone
Sample’ Change Change Change Change Change Change
f A f Af f Af
Before After (%) Bran (%) Before After (%) Bran (%) Before After (%) Bran (%)
HB1 6735 905 -86.6 34996 4196 3,965.1 4245 -893 123658 2119 12.2 00 -1000 552 3543
+245 +£38 +306.5 +165.8 £17.8 +1,395.2 +9.7 +314
HB2 689.7 919 -86.7 22645 2283 2356.8 3949 -83.2 90163 2826 204 0.0 -100.0 363 77.7
+51.6 =*128 +130.1 721 £13.1 +2994 +2.0 +21.1
HB3 1,288.7 86.7 -933 55883 3336 14558 1241 -91.5 4601.0 216.0 530 115 -783 989 86.6
+69.2 +£50 +603.1 +88.5 =223 +312.8 +17.7 £3.7 +38.2
HB4 1,157.0 1045 -91.0 44124 2813 13873 2025 -854 54027 2894 906 140 -845 2013 1222
+1060 7.8 +969.9 +46.2 £8.2 +162.3 +133 0.8 +63.8
HB5  98.1 00 -1000 2391 1438 1346 147 -89.1 3552 163.8 4.1 0.0 -1000 93 128.8
+14.6 +33.2 +116 +£24 +144 +0.4 +1.8
HB6 11,5547 1519 -90.2 11,1402 6165 1,219.1 1546 -873 51763 3246 1051 72  -932 4783 3549
+1060 7.6 +579.4 +20.7 186 +348.9 +351 2.0 +284.2
HB7 2,197.8 2464 -88.8 12,586.7 4727 25041 3069 -87.7 94325 2767 169.7 6.1 -964 2674 57.6
+268.8 +5.8 +1,688.4 +90.2 +129 +605.6 +379 1.0 +136.4
Avg 1,0942 1103 -909 56758 3566 1,8604 231.7 -87.7 66214 252.1 650 55 -932 1638 1689
(HB) +633.0 +69.4 +4,2284 +1,125.5+138.8 +3655.8 +559 +54 +154.5
NB1 0.0 0.0 00 2249 - 0.0 0.0 00 864 - 0.0 0.0 00 95 -
+126.2 +7.2 +7.6
NB2 1818 00 -1000 6756 2717 468.5 683 -854 11,7443 2723 459 43 -906 1366 1975
+0.5 +185.1 +163 +98 +91.7 +347 =15 +1294
NB3 5760 950 -835 26296 3565 14905 3542 -76.2 5,1283 244.1 234 160 -31.7 320.0 1,267.9
+346 164 +82.0 +1415 £320 +199.1 +98 43 +81.8
NB4 1,7009 299.2 -824 82088 3826 39002 8240 -789 11,6792 199.5 2742 326 -88.1 8147 1972
+1460 7.2 +482.3 +205.3 £389 +768.7 +59.0 =59 +412.8
Avg 8196 1314 -886 29347 3369 1953.0 4155 -80.2 4,659.6 2386 1145 176 -70.1 320.2 554.2
(NB) +643.7 +122.2 +3176.3 +1,438.7+324.3 +4,441.5 +113.3 £126 +306.1
°HB, hulled barley; NB, naked barley; The average (Avg) was calculated only for samples with changes.
ATHP<0.05). obAlE A9 Bt LA AR o] (76-85%), 70% (32-91%)9] AHA TS 217} UEfigich o]

ZAYLE=52] 164% (-0 ElSAIUR ), 2.1% (15-0F
A HlSAUEERE), U=l 8.2% @-otHE YidtEis)o]
om BHof|A HESA YL =] 19.6% (B-oMAE Hl5A]
UaEs)d Ydelse) 43% @-oME YeEe) o2 €54

Yt s UiElsY egaol vl mie-
AR 2)(0.0-274.2 ug/kg)e] LHF=7E 2R
Ho} gqkout -o5H4] gtk
et A} ol SAY

o A=
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AR 67%R
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Z o] ti3)] 89% (82-100%), 80%
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W A= e Rele F7

=0 9o
==

%J—} A= 7

AEE= 100 pg/kg)S 23

dizol /M &1
& YA ST GASAY R FAE
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Table 3. Change in acetyl derivatives of deoxynivalenol and nivalenol concentration (ug/kg) in barley by milling
3-Acetyl deoxynivalenol 15-Acetyl deoxynivalenol 4-Acetyl nivalenol
Sample’ Change Change Change Change Change Change
f Af f A f A
Before After (%) Bran (%) Before After (%) Bran (%) Before After (%) Bran (%)
HB1 145.1 00 1000 6827 3705 0.0 0.0 0.0 0.0 00 1298 0.0 100.0 5206 301.0
+10.1 +98.5 +84 +78.7
HB2 944 0.0 1000 2003 1122 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
+6.9 +13.5
HB3 2482 00 1000 866.1 2489 4.0 0.0 1000 655 15358 280.8 0.0 100.0 702.0 150.0
+17.7 +62.4 +3.6 +26.0 +28.8 +161.7
HB4  161.1 0.0 1000 5306 2295 23 0.0 1000 188 7009 473 0.0 100.0 2239 3729
+16.2 +62.4 +2.5 +29 +13.3 +65.9
HB5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 00 0.0 00 00 0.0
HB6 1979 0.0 1000 1,421 4771  40.1 0.0 100.0 242 396 0.0 0.0 0.0 5547 -
+6.8 +35.7 +1.6 +12.1 +137.3
HB7 2285 0.0 1000 1,2639 4531 457 0.0 1000 00 00 00 0.0 00 00 0.0
+27.3 +193.2 +29
Avg 1792 00 10009 7809 3152 230 0.0 1000 27.1 5243 1527 00 1000 5003 2746
(HB)  £52.0 +360.6 +20.0 +23.9 +96.7 +39.8
NB1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 00 0.0 00 00 0.0
NB2 813 0.0 1000 148.1 82.1 0.0 0.0 00 00 00 00 0.0 00 00 0.0
+4.8 +22.8
NB3 1799 00 1000 2384 326 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
+22.3 +19.7
NB4 2204 0.0 1000 5171 134.6 0.0 0.0 00 289 83.1 0.0 100.0 0.0 0.0
+10.5 +45.2 +14.9 +5.2
Avg 160.5 0.0 1000 301.2 83.1 0.0 0.0 00 289 83.1 0.0 100.0 0.0 0.0
(NB) 584 +1884 +14.9 +5.2
°HB, hulled barley; NB, naked barley; The average (Avg) was calculated only for samples with changes.
o|F o] B w=H He oA HlEAUE = At Bk 71 AR wol =

B 3}+= 40-52% (Trenholm 5, 1991), 84% (Hong 5, 2014),
37-85% (Khatibi <5, 2014), 95-97% (Tanaka 5, 2000), 100%
(Lee 5, 1992) 2 thFst. o] 2|3k Afol= =49 a&o| =
A e 359 29, =47, FFol s 2 o
A FFol9 AFEEF D) A= FFS Weth= oA 2
o} Bskatth(Karlovsky 5, 2016; Milani2} Maleki, 2014; Wan
5, 2020; Zheng 5, 2014). ©| T AHA W} & B¢+ =4
off AH&RE Helo] 0 40l 1 ppm oJst= Hol FE7t ¥
242 AZHET} H 2 A0 2 UehdthRyu 5, 2002). 0]
Aol A AHEEE = HE(EE 2] 70%, 2R 67%)°4] =
FolEad] AZH|E2 ARV UL =T E o] 2R

= AR dH 7} &8k
ARa T Yo =AY
71&29] Ao} XSt tHHong 5, 2014; Lee
5 1992; Tanaka 3, 2000). H|&AVE =3 U2 2
Hejel A oA FARE HlE2 AAE =T vls] A=
< 19| Fiof whet I v]&of ZFol7t ATk Schwake-
Anduschus 5(2015) HISA US| E2 9] =24 &
Eh=t| Wl AlE =S AR ARo] B FEo HF
Stoka 1 11519t (Schwake-Anduschus 5, 2015). o]= A2k
Hl=2] =Aof| W A|A H&9] ApolE EF st ¢
NN = AF =g AT Eolv Udsxt A8
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7} 2okl B 1 EItHZheng 5, 2014).

2Ad G Exstd FFol5LE B 53l AA
H AZ JA= ek 2R AL HgAUL s sE= B
5,675.8 ug/kg 2.2 =& A 7K a]o|| u)3) 5.24[(356.6%) =7}
sty o Uddse B 6,621.4 ug/kg 2 2 3.64(252.1%)
7k AlZel=2 B 163.8 ug/kg= 2.54(168.9%) 57}5k
%cH(Table 2). BX 2] A9 79 B4t 5= F7H]&°] H
S AU & 2,934.7 pg/kg, 3.64(336.9%), LHH| s 6,183.9
pg/kg, 2.48[(238.6%), A& += 320.2 ug/kg, 2.84}(554.2%)
o1t S FAE = A G FFol5a7t AEHA
o AH P AR (A& NB1) (Table 2)9] A& 352 Z4
7} BE HEE I o]t At HEjolA A FFol=
2 HJHanE S B

oje] Axt= AHejot AR BE F2HFo] 540 &
BEFE o FAH = v]&2l 67%2} 70%2] EAo] Ha
5 4 70% o) AAT= o] Aol A| T AolA= Y3
Ht} 200% o) S7H 3 Vet =39 Aat F3o)=
27} Aol JHE = =52 Bl 79 2.3-4.24), Y2 2.3-
34812 B E|o] o] Ao] Ao} {AFSHSITHLee 5, 1992;
Ryu 5, 2002; Tanaka 5, 1986, 2000). A9] XZ& sr= AxX
2] 9] 739 gAY 143-617%, UHEE 164-325%,
A g 1= 58-355%0] 1, R 9] 79 AR aje} FAfsEAL
o e)Fo 2 mje F2 H¢-HTH = 1,268%) = HHENE
o] o]8F 22 FH == LAsEE S F7HIFTE A Al
T2 F USAYEH =] Hal 5= Z R 12,587 ug/kg, &
X2 8,209 pg/kg, UddlsS 2E e 12,365 pg/kg, BH e
11,679 ug/kg, A& =2 2R 478 ug/kg, ZE 2 815 pg/
kgo]glth(Table 2). o]2jgt @42 wiFAE S| HISAY
] 5(900-5,000 ppb)at A2 #|+=(100-1,000 ppb) H&|=
AR Y 71E 9 4, THFSAF R LA A|2023-69
3)E HFE 208t sEolvh wetA HAE 7HE &
A ¢ A LPsE BAS 58 FEeE olst AR E
I8t Aol A e Sl A vz E Ao 2 Bl
SHH AbolA] A)F 92 &85 Feoll= @A 7Ieo] §le
02 A 73l Hrt AdEojor & Ao & wekEch

0]

Ok
o}

Y =L FHolERY Ex| FFSE ATk B
glofA e =ganE AP fl8 ESZER AlE =
oo odE AR 7T AEe 434S W s AL
Ste =4 vl mhet =Gtk F T 72 el HlSA

U =3} obdlE - %=41(98.1-2,197.8 pg/kg), Ydrd =t
obMIE +E=4(468.5-3,965.1 pg/kg), AlZ&|=(4.1-274.2 pg/
kg) 5ol SAlol LE=]o] AU BRI E 67%= =3 2
I gl A= 90.9%, ULl 87.7%, AlE =2
93.2%7} 22t 745Gt 70% = =% AR el o] A= T
SAYd = 88.6%, UdeEls 80.2%, AlZ = 70.1%°] Z}
Zr st F Bl B Ol SAE s UdElsY] of
AE FE=Al= 100% Fastioh 2ejv HeA= =8 d &
2of vl FFolE5art A ST 2R S AHofA
= HSAUEEE, Udds, Algd=ol 242 H4t 357%,
252%, 169% 713kt olet f-ALSHA AR 2|9 Aol A
&AL =, Udd s, Alge=ol 22 337%, 239%,
5549% S713lsick ol2le Aokt we) wate] olulo] ZAs}
L FFol52a7 24 RS B antzoz AL 5= ¢
&2 etk T 24S B3 BBl 54Tt deelA
AR JA ) met HEAE 5ol E-8517] YsiA= AR

o Z40] 2 £&S 30T P v} S-S Hoj&E
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