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Comparison of HPLC-UV and LC-MS methods for evaluating 
the amount of deoxynivalenol-type trichothecenes in axenic 
solid culture of Fusarium graminearum 
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A 15-acetyldeoxynivalenol (15-ADON)-chemo-

type strain of Fusarium graminearum was grown on j 

rice flour solid medium, and 85% acetonitrile extracts 

of the metabolites were analyzed by HPLC-UV or liq-' 

uid chromatography-mass spectrometry (LC-MS) "J 

with or without pretreatment with a multifunctional 

clean-up column. Three-way analysis of variance 

demonstrated no significant differences in the mea-

sured levels of trichothecenes irrespective of the . 

analytical instruments used; however, slightly but 

significantly elevated values were obtained with col-

umn pretreatment. 

Trichothecenes are a group of mycotoxins pro-

duced by several pathogenic fungi including Fusarium 

graminearum. This pathogen is notorious in agricul-

ture, since it infects important crop plants such as 

wheat, barley and maize, and contaminates grains with 

deoxynivalenol (DON), nivalenol and their acetylated 

derivatives. Several methods、e.g.TLC, HPLC-UV、LC-

MS, and ELISA have been used to determine the amount 

of trichothecenes in contaminated grain samples ll,2l. 

Among these methods, TLC provides a convenient 

"at-a-glance" overview of the trichothecene profiles 

that can reveal the presence of unknown trichothecene 

metabolites in the sample under investigation. This fea-

ture is especially useful in screening products of the 

shunt pathway and of feeding experiments using F. 

graminearum mutants that are blocked in trichothe-

cene biosynthesis pathway3lAl. 

HPLC-UV has often been used for the inspection of 

naturally contaminated samples5l. One advantage of 

this method is that it is less expensive and easier to 

handle than LC-MS. However, the accuracy of results 

could be compromised by the presence of interfering 

substances in the grain samples, if they were not well 

separated by the HPLC column. LC-MS is often used for 

the detection of trichothecenes in naturally contami-

nated samples; in most cases, accurate identification 

and quantification of contaminating trichothecenes can 

be achieved6l,7l. The drawback of LC-MS becomes 

apparent on occasions when the "matrix effect" yields 

sample concentrations higher or lower than the actual 

value8l, necessitating the use of a multifunctional 

clean-up column before sample injection 1l,6l,7l. Both 

HPLC-UV and LC-MS, preceded by multifunctional col-

umn purification, are considered methods of choice for 

the quantification of mycotoxins in naturally contami-

nated samples (Japan Ministry of Health, Labor and 

Welfare, Food Safety No. 0717002, "Analytical method 

of deoxynivalenol"; http://www.ffcr.or Jp/tsuuchi/2003/ 

07 /FB61D3C8A149A34D49257180000B5994.html: as of 

2018 Oct 21st). Likewise, the quantification of mycotox-

ins from axenic solid cultures with cereal grain sub-

strates can employ HPLC-UV or LC-MS analysis. 

However, the requirement for the preceding multifunc-

tional column purification step has not been statisti-

cally verified. This study was performed to investigate 

the influence of the differing methods of measurement 

and the use or not of the multifunctional pretreatment 

column on the measured values of mycotoxins. 

We cultured our model strain JCM 9873 (RIKEN BRC, 

Tsukuba, Japan), a 15-acetyldeoxynivalenol (15-ADON)-

chemotype, on brown rice flour medium (Supplemen-

tary Fig. l). This strain has been known to produce 15-

ADON and DON、butnot 3-ADON, and used for our 

molecular genetic studies. After incubation、fungalcul-

tures were suspended in 85% acetonitrile and filtered. 

The ethyl acetate extract of each filtrate was applied on 

a TLC plate and visualized by the 4-(p-nitrobenzyl)pyri-

dine-tetraethylene-pentamine method9l. Fig.1 shows 

that all fungal cultures produced 15-ADON as a major 

product with DON as a minor product and that they 

contained differing ratios of 15-ADON/DON. 

The remaining filtrates were prepared with or with-

out purification using the AutoprepRMF-T 1500 multi-

functional column (Showa Denko K.K. Tokyo, Japan)6l,7l 

and applied in triplicate for HPLC and LC-MS analysis 

following the method previously reported with minor 

modifications io)_ For HPLC analysis, a C18 reverse phase 

column (4.6cp x 250 mm, PEGASIL ODS SPlOO; Senshu 

Scientific Co., Ltd., Tokyo、Japan)was used. The eluates 

were detected by measuring absorbance at 254 nm 

and the molar concentration of each trichothecene was 

calculated from the peak area, using standard solutions 

(FUJIFILM Wako Pure Chemicals Corporation, Osaka, 

Japan). For the LC-MS analysis, the same samples used 

for HPLC-UV were applied to the Eksigent ekspert™ 
ultraLC 100-XL system (AB Sciex, Framingham, MA) 

loaded with a C13 reverse phase column (2.0cp x 100 mm, 
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ethyl acetate : toluene = 3 : 1 

。ご?°7"0H
OHbAc 

15-ADON 

。ロ釦bHコ゚H

DON 
Sample No 1 2 3 4 5 6 7 8 

Toxin 15-ADON DON 

AuloprepR ＋ ＋ 

Instrument UV MS UV MS UV MS UV MS 

Sample 28.3 28 2 30 8 29 4 5.37 5.02 6.61 5.54 No. 
士07 土12 ±06 士29 ±021±0.45±034±033 

2 I 12.6 14.2 15.0 14.5 1.84 2.14 2 90 2.41 
土13 土02 士04 士06 士026 土0.02 士070 士019

3 I 36.5 37.4 39 1 43.4 10.78 11.11 1280 12.07 
士0.4 土30 士05 士68 土007 土0.30 士084±022

4 I 21.4 21.7 22.7 24.1 4.35 4.09 4.24 4.38 
土06 土3.3 e O 7 士05 ±0.19±0.43±0.66±016 

s I 27 6 24.2 28.7 30.6 5.63 4.65 6 05 6.02 
±11 士5.4 土0.9±3.2 士068 士0.47 士033 t O 16 

6 I 14 0 9.6 12 3 12.7 2.21 1.70 1.82 1.71 
土05 :!: 16 :!:OヽI :!:02 士059 士014 土018 之0.20

7 I 7.0 6.3 7.7 7.2 1.13 1.51 1.53 1.16 
土03 土05 士03 士11 ±0.24±027 士0.45±017

a I 15.5 15.9 17 3 16.8 3.99 3.21 4.17 3.54 
士0.5 士26 :!:0.1 :!:0.6 士053士036 土035 土0.07

Fig. 1 Production of trichothecenes by F. graminearum inoc-
ulated on brown rice medium. 
The preparation of samples for analysis is described in Supplementary 
Fig. l. TLC profile of the trichothecenes extracted from brown rice 
flour medium was shown above. The TLC was developed and 
visualized as described previously9l. The measured values were 
converted to the amounts (μg) of trichothecenes in each sample (g) 
and were presented as the average士standarddeviation (n = 3). UV 
denotes HPLC-UV and MS denotes LC-MS(/MS). For the HPLC-UV 
analysis、10μIof each sample was applied, and trichothecenes were 
eluted using a mobile phase comprising acetonitrile and water at a 
flow rate of 1 ml/min. Specifically, elution was done as follows: 5% 
acetonitrile for 5 min, a linear gradient of 5% to 9.5% acetonitrile for 
3.3 min, 9.5% acetonitrile held for 10 min, a linear gradient of 9.5 to 
50% acetonitrile for 17.7 min, 50% acetonitrile held for 6 min, and 
lastly, 5% acetonitrile held for 8 min. For LC-MS, 2μI of each sample 
was applied, and the solvents used were 0.1 % ammonium formate 
and acetonitrile with a linear gradient of 0.1% ammonium formate 
from 10% to 95% over 5 min, at a flow rate of 0.3 ml/min. UH PLC was 
connected to a TripleTOF 4600 system equipped with a DuoSpray 
source operated using electrospray ionization and samples were 
detected in negative mode. The MS parameters were as follows: 
curtain gas (CUR) at 25 psi、ionsource gas 1 (Gas 1) at 50 psi、ion
source gas 2 (Gas 2) at 50 psi, ionization temperature at 550°(、ion
spray voltage floating (ISVF) at -4500 V, declustering potential (DP) at 
-80 V、collisionenergy (CE) at -10 eV. The MS/MS parameters were as 
follows; CUR at 25 psi, Gas 1 at 50 psi, Gas 2 at 50 psi, ionization 
temperature at 550°(, ISVF at -4500 V, DP at -80 V, CE at -25 eV, 
collision energy spread at 10 eV. 

PEGASIL ODS SPlOO) and connected to the TripleTOF 

4600 system (AB Sciex). UHPLC conditions were the 

same as previously described10l, and samples were 

detected in negative mode. Peak area of the precursor 
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ion [M-H]― (m/z 295.12) was utilized for the quantifica-

tion of DON, and the peak area of the fragment ion (m/ 

z 150.03) was used to avoid ambiguity in analysis due 

to the precursor ion being common to both 3-acetyl-

deoxynivalenol and 15-ADON ([M-H]― (m/z 337.13)). 

MS and MS/MS data were analyzed with PeakView 

software version 1.2.0.3 (AB Sciex) and Multiquant ver-

sion 2.1 (AB Sciex), respectively. The amounts of DON 

and 15-ADON measured by HPLC-UV and LC-MS(/MS) 

have been indicated in Fig.1. The average values of 15-

ADON measured by these two analytical methods with-

out precolumn treatment showed reasonable correla-

tion with the numerical values measured by TLC-

densitometry (r2 = 0.89 in 15-ADON; data not shown). 

Statistical analysis was performed to determine the 

influence of column pretreatment (or not) and the ana-

lytical instrument used、onthe measured values. Over-

all, the experimental set up involved a 2 (HPLC-UV or 

LC-MS) x 2 (column pretreatment or no column pre-

treatment) x 8 (sample number) design. Differences 

between groups were analyzed by 3-way analysis of 

variance (ANOVA), and post hoc comparisons were 

made using the Bonferroni method. Analyses were 

conducted using SPSS, Version 23 (IBM, Armonk、NY).
Statistical analysis of 15-ADON values revealed no 

significant difference between the measurements 

obtained by HPLC-UV and LC-MS/MS (p = 0.946, Sup-

plementary Table 1). On the other hand, a significant 

difference was observed between the values obtained 

with or without column pretreatment (p < 0.001). Like-

wise, the analysis of DON values revealed no statistical 

difference between the measurements obtained by 

HPLC-UV and LC-MS (p = 0.953, Supplementary 

Table 2). Unlike corresponding values of 15-ADON, no 

significant difference was observed between the DON 

values obtained with or without column pretreatment 

(p = 0.131). Although the values for DON were not sig-

nificantly different, those obtained with column pre-

treatment tended to be slightly higher. In both 

trichothecenes, there was no significant interaction 

between column pretreatment (with or without) and 

the analytical instrument (HPLC-UV or LC-MS), with p-

value being 0.136 in 15-ADON and 0.460 in DON (Sup-

plementary Table 1, Table 2). 

In conclusion, we observed no significant differ-

ence in the quantification of 15-ADON and DON using 

either HPLC-UV or LC-MS; however, a slight increase, 

which is statistically significant in 15-ADON, but not in 

DON, was observed in the values obtained with column 

pretreatment, compared to those obtained without 

pretreatment. This relatively small but significant differ-

ence in 15-ADON values may be due to the matrix 

effect of impurities. However、inmolecular study of 

fusaria, this small difference might be ignored depend-

ing on the purpose of the experiment. 
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デオキシニバレノールケモタイプのF ・usanum gram,nearumが生産する

B型トリコテセン量の測定： HPLC-UV法とLC-MS法の比較

田中彰1, 新海航輝乞前田一行句中嶋佑ー3, 石井茂4, 吉田泰彦1,2.4, 木村真釘安藤直子1,2,4
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15ーアセチルデオキシニバレノール生産菌のFusariumgraminearumを粉砕玄米培地で培養した.85%アセトニトリル

で抽出し，カビ毒分析前固相抽出カラムで処理した試料と未処理の試料をHPLC-UVとLC-MSにより分析した分析機

器の違い，前処理カラムの使用の有無について測定値を比較したところ，分析機器による有意差は見られなかったが，前

カラム処理により一割程度の有意な測定値の上昇が見られた．

キーワード： 15ーアセチルデオキシニバレノール：カビ毒分析前固相抽出カラム；デオキシニバレノール： HPLC: LC-MS 
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