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Development of Determination Method of Ferimzone
in Rice Straw, Whole-crop Rice Silage and Paddy Rice for Feed by LC-MS/MS

Eiko ARAI"', Naoko SAEGUSA™' and Katsumi YAMAMOTO ™
("' Sendai Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
"2 Sendai Regional Center, FAMIC (Now Kobe Regional Center, FAMIC))

For determining the concentration of (Z)-ferimzone and (E)-ferimzone in rice straw, whole-crop
rice silage (WCRS) and paddy rice for feed, a quantitative method using a liquid chromatograph-
electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS) was developed.

After adding water to a sample, ferimzones were extracted with acetone, and the extracted solution
was filtered. The filtrate was then diluted with acetone to a volume of 200 mL. The diluted
solution was purified with a SPE column (InertSep Slim-J C18-B, GL Sciences Inc.; Tokyo, Japan),
and injected into a LC-MS/MS to determine the concentration of ferimzone. LC separation was
carried out on an ODS column (Inertsil ODS-SP, 2.1 mm i.d. x 100 mm, 3 pm, GL Sciences Inc.;
Tokyo, Japan) with a gradient of 2 mmol/L ammonium acetate solution and acetonitrile as a
mobile phase. In the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on rice straw, WCRS and paddy rice. (Z)-ferimzone and (E)-
ferimzone were intentionally added at the levels of 0.2 and 20 mg/kg for rice straw, 0.2 and 5
mg/kg for paddy rice, and 0.1 and 9 mg/kg for WCRS respectively. The resulting mean recoveries
ranged from 88.9 % to 94.5 % for (Z)-ferimzone, and 83.5 % to 90.9 % for (F)-ferimzone
respectively. The repeatability in the form of the relative standard deviation (RSD,) was less than
8.0 % for (Z)-ferimzone, and less than 7.4 % for (E)-ferimzone.

Key words: ferimzone; (Z)-ferimzone; (E)-ferimzone; liquid chromatograph-tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); rice for feed; rice straw; whole-
crop rice silage (WCRS); paddy rice
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(Z2)-2’-methylacetophenone (E)-2’-methylacetophenone
4,6-dimethylpyrimidin-2-ylhydrazone 4,6-dimethylpyrimidin-2-ylhydrazone
CisH1sNs MW: 254.3 CAS No.: 89269-64-7 CisH1gNg MW:254.3 CAS No.: 77359-18-3

Fig. 1 Chemical structures of (Z)-ferimzone and (E)-ferimzone
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Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

Inertsil ODS-SP (2.1 mm i.d. x 100 mm, 3 um), GL Sciences

2 mmol/L ammonium acetate solution - acetonitrile (13:7) (hold for 14 min)
— 1 min — (1:9) (hold for 5 min)

0.2 mL/min
40 °C

Ionizarion Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Nz (1.5 L/min)
Drying gas N> (10 L/min)
Heat block temperature 350 °C
DL temperature 150 °C
Collision gas Ar (230 kPa)
Table 2 MS/MS parameters
Monitor ion (m/z) Collision energy
Precursor ion Product ion (eV)
(Z)-Ferimzone and (E)-ferimzone 255 132 (quat?tlﬁer) 21
91 (qualifier) 35
4) % B

BFoN SRM 7 u~ M T AL E—7 ESZRODTHREREZERL, BREHYDO 72U A
VVZ¢E&U7:)AVyE¢E%ﬁMLt
kB, EEHEOMFE % Scheme 1 127 L7-.
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Under the light-shielding conditions

Sample 10.0 g (200 mL amber Erlenmeyer flask)
add 30 mL of water (paddy rice: 20 mL) and allow to stand for 30 min
——add 120 mL of acetone (paddy rice: 100 mL) and shake for 30 min
—filtrate through No. 5B (No. 5B of JIS P 3801) under reduced pressure
—— wash with 50 mL of acetone
— fill up to 200 mL with acetone
— dilute 10-fold
2 mL of sample solution (50 mL eggplant flask)
|—add 20 mL of water
InertSep Slim-J C18-B (500 mg)
(prewash with 5 mL of acetonitrile and with 5 mL of water)
apply sample solution
——wash with 5 mL of water-acetonitrile (9:1) (twice)
——place a receiver (10 mL amber volumetric flask)
——clute with 9 mL of acetonitrile-water (3:2)
—fill up to 10 mL with acetonitrile-water (3:2)
— centrifuge for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for (Z)-ferimzone and (E)-ferimzone

3 HBRRUBR
3.1 HREAR

22 D HTHE-> TR L =K EAEHER S 5 uL 2 LC-MS/MS IZVEA L, 565+ 7- SRM 7 1~
NTTZEAMHE—7@mBEEHWTT7 =2V AV ZKEWY ERKZERLENIZOWTHREREZIERL
7o, O NTEMRERIT Fig. 2-1 K220 B0 THY, WTFiLd 0.1~50 ng/mL Y4 EOHPH T
ERRE AR LTz,

BB, YHUMBROBEHKEL, 72UV ZEEKREKE L TEAEN 0.1~50 mgkg &
T DN HREZ ARBEICHEVIAR L R GREHRR P 0K 7 2 U &Y VREGHEICHY T 5.



fARHA RO 7 2 ) LY OWRIK T a~ 7T 7 2 T MVEESHTEHI L D ERE 27

700000

y = 12753.18 x + 410.01
600000 R? =1.0000

£ 500000
c
=}
£ 400000

la

2 300000

200000

Intensi

100000

0
0 10 20 30 40 50

Concentration of (Z)-ferimzone / [ng/mL]

Fig. 2-1  Calibration curve of (Z)-ferimzone by peak height
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Fig. 2-2  Calibration curve of (E)-ferimzone by peak height
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Fig. 3  Selected reaction monitoring (SRM) chromatograms of standard solution
of (Z)-ferimzone and (E)-ferimzone
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of
1: (Z)-ferimzone and 2: (E)-ferimzone.)
A: Standard solution of (Z)-ferimzone (20 ng/mL)
B: Standard solution of (E)-ferimzone (20 ng/mL)
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Table 3  Comparison of recoveries between lighting conditions

ik Spiked isomer Total feri 3
Spiked isomer of  Condition of Slz veeld P = 3 ota E;I;III]ZOHGS 5
ferimzones room lighting Recovery RSD: Recovery RSD;
(mg/kg) (%) (%) (%) (%)
ing ¢ 91.7 1.4 98.4 1.6
(Z)-Ferimzone shading 9 5
no shading 90.0 1.2 95.8 1.2
ino 9 88.2 2.0 95.3 2.0
(E)-Ferimzone shading 9 5
no shading 70.9 16 81.7 14

a) Calculated from the total amount of (2)-ferimzone and (£)-ferimzone

b) Mean (n = 5)

c) Relative standard deviation of repeatability

d) Conducted under the lighting having been removed ultraviolet rays, in a laboratory that daylight
doesn’t enter, and using brown glass apparatuses

e) Conducted under the fluorescent lighting, and using clear glass apparatuses
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A (B+2) TERETNEHL, FEHETI0 mL X020 mLIZENZENER LT, BEUEEEZRD .
FERIL Table 5 D LBV TH Y, BEHIKREIZ X DENEEOEWVIZR Lo 7.

Flo, WHREICEL DY M) v 7 AR OEWVWEZHERT D720, feb b, WCRS KUWLIK%E
24D DEO2DNZHESTHEL, 9mLEXRNISmL D7 h=FrU/Lb—K (3+2) TENENEH

THOLNTKRIZ, 7=V LY ZEREKDNERKEZRED S KN WCRS IZ20)TiE4 200 ng (BUE
R & LT 20 mg/kg, WCRS IZEEEMFIRE) , BEKIZOWTIES 50 ng GUBFHFIREE L LT
5 mg/kg) WML, ZREIZoOVWTTE =RV /b—/K (3+2) T 10 mL T 20 mL IZEZE
L, 22D DT> THBLEZREED 7 =) LAY v ZIER N E (FERERICHT 5 — 7 & S
R LIZE Z A, #EFIL Table 5 DEBV THY, WHKEICEL D~V M v 7 AR OE WL
JTRSY WA oY

ETHOS R w7 AT, 9~14 mL OFEZICBWT 72U LAY ZIEEDNE KOBERHENR O
e, WHIEEZ 15 mL & L72BA ERBEORMEIENE LN Z D, WHIKEIX 9
mL & L7-.
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Table 4  Elution pattern of (Z)-ferimzone and (E)-ferimzone from InertSep Slim-J C18-B

Recovery (%)
Samples
0~8 mL 8~9 mL 9~10 mL 10~14 mL 14~18 mL Total

Rice straw 94.6 Tr. 1.1 Tr. N.D. 95.7
(Z)-Ferimzone WCRS 102 Tr. 1.1 Tr. N.D. 103

Paddy rice 94.7 Tr. Tr. Tr. N.D. 94.7

Rice straw 91.7 Tr. Tr. Tr. N.D. 91.7
(E)-Ferimzone WCRS 95.8 Tr. Tr. Tr. N.D. 95.8

Paddy rice 93.0 0.5 0.5 Tr. N.D. 94.0

n=1
Tr.: S/N of the peak was less than 10, N.D.: Not detected
WCRS: whole-crop rice silage

Table 5  Effect of elution volume on recovery and matrix effect

Applicd . Recovery (%) _ Matrix effect (%)
volume (mL) Spiked level (.Z )- (E )- Spiked level (.Z )- (E )-
(mg/kg) Ferimzone Ferimzone (ng) Ferimzone Ferimzone

Rice straw 20 106 100 200 101 100
WCRS 9 20 110 103 200 101 102
Paddy rice 5 105 99.4 50 100 102
Rice straw 20 108 101 200 101 100
WCRS 15 20 107 99.1 200 100 100
Paddy rice 5 106 103 50 100 98.6

n=1
WCRS: whole-crop rice silage
a) Calculated by the ratio of the peak height

3.4 WIEWEORR
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Fig.4 SRM chromatograms of standard and blank solution
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of
1: (Z)-ferimzone and 2: (E)-ferimzone.)
A: Standard solution (0.2 ng/mL each),
B~D: Blank sample solution (B: rice straw, C: whole-crop rice silage (WCRS) and D: paddy rice)
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240 DEODICEY 10 mLBEGEEET T AT -fMb5H, WCRS O = 7 AEHIRIZ,
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Table 6  Matrix effect
Concentration of ferimzone Matrix effect *
in matrix standard in samplea) (%)
Samples . ; .
solution (ng/mL) (mg/kg) (Z)-ferimzone (E)-ferimzone
. 0.2 0.2 104 104
Rice straw
20 20 99 99
0.2 ° 107 102
WCRS 0.2
20 20 100 100
. 0.2 0.2 105 102
Paddy rice
5 5 102 100
n=3

WCRS: whole-crop rice silage
a) Converted from the concentration in matrix standard solution
b) Ratio of peak height of ferimzones in the presence of matrix to that in the absence of matrix

c) mg/kg air-dry matter

3.6 WHNENGRER

22D KON S THBM L7 =V AV 2 Z KRR K O E (RS2 7 & N CTIE
IS ATIR LRI AW,

T2 VLY ZERITERE LT, fab b2 02 KON 20 mg/kg MY E (RKREHER T T 0.2
S T¥20 ng/mL) , WCRS ([ZJFE#H L 0.1 L9 mg/kg M4 & (HBEalEARH < 0.2 LT 20
ng/mL) , FIKIZ 0.2 X5 mg/kg tHY & (REHREHEKT T 02 X5 ng/mL) (2785 K HI12%
NENRMLTELSEAL, —KFE LTERBRICARIEICE> TEREL, FHEIIE K OHEOR UK E
G,

72%, WCRS IZBWT, IWmINFAEERAEHZIF L T7 =AYy Z KX E K& LT 0.2
mg/kg KT 20 mg/kg MY EIZRD K O1TV, R TIRE~OWEIL, FY &k OR Y 5 oK
DEREE 60 %R 10 %EBELT, R OKSEHERE 60 %) HRE=REY OKHEH &
10 %) HiEpE, 225 ORI L ViTo 7.

FEFRIL Table 7 D LB THY, 72U LYY ZRIZOWTTEHEIEIL 88.9~94.5 %, £ D
MR UK BE ISR SHE YR 72 (RSD,) & LT 8.0 %L T, 7= U ALY v ERIZOWTIE B R
1% 83.5~90.9 %, ¥ DK UIEEILRSD, & LT 7.4 %L FOMENE S, Wb ko i &
WD UVEMERIETA KT 40 (LT TZUMERERIETA RT7A4) Lo ) LEDLREE
FEROPHTREO FAEE 27 LTz, 2B, 7=V LYY Z KERNMLESBAOR 7 =V
L OFEIEILER X 92.1~98.6 %, Z O LFEEIZ RSD, & LT 7.1 %F, 7=V ALY E
WEBMUTZGAEORT = U A v O VAL 89.2~99.2 %, Z DO UKL RSD, & LT
75 %LU FTh oz,

kB, BHONTZSRM 7 a~ N7 7 AO—fl% Fig. 5 IZR LT,
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able ecoveries o -ferimzone an -ferimzone
Table 7 R f (2)-f d (E)-f
Spiked components
Soiked level (Z)-Ferimzone (E)-Ferimzone
ed leve
Samples p(m o/kg) Recovery of Recovery of Recovery of Recovery of
(Z)-ferimzone ¥ RSD; ® ferimzones ® RSD;” (E)-ferimzone ® RSD; ® ferimzones ® RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
Rice st 0.2 89.3 8.0 92.1 7.1 89.6 1.8 91.0 34
ice straw
20 88.9 1.3 92.3 1.6 83.5 2.3 91.5 1.1
WCRS 0.1 94.5 3.7 98.6 4.4 90.9 52 99.2 4.3
9 92.2 2.4 97.2 1.8 84.3 0.7 97.3 0.6
Paddy 13 0.2 90.5 4.6 94.3 5.1 85.4 7.4 89.2 7.5
addy rice
v 91.7 1.4 98.4 1.6 88.2 2.0 95.2 2.0

WCRS: whole-crop rice silage
a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) The ferimzones were spiked to air-dried WCRS samples one night prior to extraction.

The spiked levels

were 0.2 and 20 mg/kg air-dry matter for (Z)-ferimzone and (E)-ferimzone, respectively. The levels of

ferimzones in original matter were calculated with following equation on the assumption that the moisture

content of WCRS samples was 60 % for original matter and 10 % for air-dry matter.

The levels of ferimzones in original matter (moisture 60 %)

= the levels of ferimzones in air-dry matter (moisture 10 %) / 2.25
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BH LR, fab b, WCRS (RE4) K OWLKIZH T 2Kt FRIZ 0.04 mg/kg THh - 7=



34 fREHFIE S Vol. 43 (2018)

A 12 B 1 C
l l l 110000 - :
110000 - 110000 |
[]
T 90000 - £ 90000 £ 90000 -
H ] S
% 70000 - _‘2 70000 - 'E 70000 -
©
250000 A = 50000 - — 50000 -
£ 30000 - 2 30000 | 2 30000 - |
£ 2 g
£ 10000 £ 10000 | £ 10000 -
-10000 T T T -10000 : ; ; -10000 T T T
8 10 12 14 8 10 12 14 8 10 12 14
Retention Time / min Retention Time / min Retention Time / min
D 1 E
110000 - 1 2
a 110000 A l
‘E 90000 A @
3 ' 90000 -
£ 70000 - 3
© g 70000 -
2. 50000 - ©
2 2 > 50000 -
2 30000 - ]
2 30000 T
£ 10000 2
= 10000
-10000 ‘ : ;
8 10 12 14 -10000 ' ' :
. ) . 8 10 12 14
Retention Time / min . . .
Retention Time / min
F 12 G 2
' 25000 - |
25000 - l 25000
£ 20000 -
£ 20000 - 20000 £
c P 5 15000 -
. 15000 T 15000 =
E 2 = 10000 1
~ 10000 - = 10000 2
2 = B 5000 - |
T 5000 - 2 5000 2
2 g £ o
£ 0 g€ 0
= 5000 : ; ‘
5000 . . . 5000 ‘ . ‘ 8 10 12 14
8 10 12 14 8 o1z 14 Retention Time / min

Retention Time / min Retention Time / min

Fig. 5 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of 1: (Z)-ferimzone
and 2: (E)-ferimzone.)
A: Standard solution of (Z)-ferimzone and (£)-ferimzone (20 ng/mL: 0.1 ng each )
B: Sample solution of rice straw spiked at 20 mg/kg of (Z2)-ferimzone (as 20 ng/mL in sample solution)
C: Sample solution of rice straw spiked at 20 mg/kg of (E)-ferimzone (as 20 ng/mL in sample solution)
D: Sample solution of WCRS spiked at 9 mg/kg original matter of (Z)-ferimzone (as 20 ng/mL in sample
solution)
E: Sample solution of WCRS spiked at 9 mg/kg original matter of (£)-ferimzone (as 20 ng/mL in sample
solution)
F: Standard solution of (Z)-ferimzone and (E)-ferimzone (5 ng/mL: 0.025 ng each)
G: Sample solution of paddy rice spiked at 20 mg/kg of (Z)-ferimzone (as 5 ng/mL in sample solution)
H: Sample solution of paddy rice spiked at 20 mg/kg of (£)-ferimzone (as 5 ng/mL in sample solution)
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