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Development of Determination Method of Cyanuric Acid in Dried Skim Milk by LC-MS/MS

NUMATA Ayumi”!, OSHIMA Shinji"? and TAKAHASHI Yuichi™
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Animal Quarantine Service, Ministry of Agriculture, Forestry and Fisheries of Japan),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have studied a quantitative determination method of the cyanuric acid concentration in dried
skim milk using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-
ESI-MS/MS).

Having added water to a sample, it was sonicated. Then, cyanuric acid in the sample was extracted
with acetonitrile, and the extracted solution was centrifuged. The supernatant (2 mL) was then
diluted with acetonitrile-water (1:1) to a volume of 10 mL. The diluted solution was applied to
strong anion exchange mini-column (Oasis MAX, Waters Co.; Milford, MA, USA), which was then
rinsed with ammonia water (5:23) and acetonitrile. The purified solution was subsequently
injected into a LC-MS/MS to determine the concentration of cyanuric acid.

LC separation was then carried out on a hydrophilic interaction chromatography column (SeQuant
ZIC-HILIC, 2.1 mm i.d. x 150 mm, 5 um, Merck Millipore Inc.; Burlington, MA, USA) with a
gradient of acetonitrile-10 mmol/L ammonium acetate solution (19:1) and 10 mmol/L ammonium
acetate dissolved in acetonitrile-water (1:1) as a mobile phase. In the MS/MS analysis, the
negative mode electrospray ionization (ESI—) was used.

Recovery tests were conducted on two kinds of dried skim milk. Cyanuric acid was intentionally
added at the levels of 0.5 mg/kg and 2.5 mg/kg to samples respectively. The resulting mean
recoveries ranged from 89.3 % to 108 %. The repeatability in the form of the relative standard
deviation (RSD;) was less than 9.6 %.

In order to verify whether this method can be applied to feeds other than dried skim milk, recovery
tests were conducted on two kinds of formula feed, soybean meal and fish meal. Cyanuric acid was
intentionally added at the levels of 0.5 mg/kg and 2.5 mg/kg to samples respectively. The resulting
mean recoveries ranged from 89.9 % to 99.0 %. The RSD; was less than 16 %.

Key words: cyanuric acid; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); dried skim milk
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Table 1  Compositions of the formula feeds
Formula feed Ingredient types Proportion Ingredients
types (%)
For layers Grains 55 Corn, rice, wheat
Oil seed meal 26 Soybean meal, corn germ meal, rapeseed meal, corn gluten meal,
sesame meal, linseed meal
Brans Rice bran, corn gluten feed
Animal by-products Fish meal
Others 14 Calcium carbonate, animal fat, corn steep liquor, calcium phosphate,
salt, paprika extract, silicate anhydride,
fructo-oligo saccharide syrup, rapeseed oil foots, feed additives
For starting chicks Grains 61 Corn, milo
Oil seed meal 30 Soybean meal
Animal by-products Fish meal, swine and poultry by-product meal
Brans Defatted rice bran, wheat bran, corn gluten feed
Others Calcium phosphate, calcium carbonate, salt, isomalto-oligo saccharide syrup,
animal fat, alfalfa meal, feed additives
For suckling pigs Animal by-products 46 Dried skim milk, dried whey, fish meal, plasma protein, casein
Grains 30 Bread crumb, soy by extruder, wheat flour
Oil seed meal 3 Fermented soybean meal, concentrated soy protein
Brans Defatted rice bran
Others 20 Glucose, lactose, animal fat, medium chain fatty acid calcium,
salt, lactic acid bacterium, sucrose, cellulose, citric acid, lactic acid, tartrate,
malic acid, wood fiber, silicate anhydride, fructo-oligo saccharide syrup,
montmorillonite, lactic acid bacteria culture, yeast extract, licorice extract,
stevia, yeast, shellac, dry yearst cell wall, calcium carbonate,
calcium phosphate, vegetable oil, chocolate, feed additives
For breeding pigs Grains 64 Corn, milo
Oil seed meal 20 Soybean meal, rapeseed meal, corn germ meal
Brans 10 Wheat bran, corn gluten feed, defatted rice bran
Others 6 Extracted green tea meal, calcium carbonate, calcium phosphate, salt,
montmorillonite, yeast, corn steep liquor, confectionery meal, feed additives
For yellowtail fishes  Animal by-products 53 Fish meal, shrimp meal
Grains 15 Starch, flour
Brans 6 Lysine fermented lees meal, glutamic acid fermented lees meal
Others 26 Fish oil, vegetable oil, yeast, calcium phosphate, garlic powder,
seaweed powder, marigold extract, cacao bean husk, feed additives
For carps Animal by-products 33 Fish meal
Grains 31 Wheat bran, sesame, heat treated soybean meal, dextrin
Brans 18 Defatted rice bran
Oil seed meal 11 Soybean meal
Others 7 Calcium phosphate, fish oil, vegetable oil, calcium carbonate, feed additives
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1) 7 =KMUMILC-MSH, 7TrE=7KIZFHK (EEDTHE28%) , XHITLC-MSH (EH
BOYE 99 %) , 1 mol/L BT v &= v AWIRITEEEL 7 v~ N7 7 HE A0z (W
HE 7 AV ATEHEKED) | /KiE Milli-Q Integral 5 (Merck Millipore ) 2 X 0 k585 L 7= #8
flizk (JISKO0211 @ 5218 |[Z/EF S iz #ffik) ZHuvie.
2) VT XIVERFEVE R
T XVIEFEAES, (ChromaDex, Inc 8, HiE 99.2%) 10mg % EfEICE > T 20mL D&Y
T AN, KEMZTENL, BITERE TRKEMZ T T XVERIEHERR 2 {8 L 7=
(ZDWE 1mL %, 7 XAME LT500ug 2a4) .
3) T XOVEE-BCs WAEE R
T XOVEE-BC EEVESL (BRMIGE TR, MR 1°C3 97.7 %) 5 mg & EfEICE S T 20 mL D4
B7 7 AZAN, KEMATHENL, BITERE TKEMZ T 7 XVEE-PCs WAEHEFRIK
ZRELL (O 1mL L, 7 XAEE-BCs & LT250 g 28 H) .
4) RERIERH Y7 XVEBIEHETR
ERICEE LT, &7 XV YERUE L OV 7 XL EE-13Cs PIFE YE Rk & 0 5 I AL B L 7= 1%,
FNENO—TFEEEZFHB -7 =L (1424) TEMIZHIRL, 1 mL FIZT T X EEE
LT 25, 5 10, 25, 50, 75, 100, 125, 150, 175 %X 200 ng Z2&H L, oY T X LHE-
BCy LT I10ng 25 H T D5 MERIERT > 7 XOVERIEER 208 Uz (HRFRED) |
5) T XOVEE-BCs WAEHENR
FBERIZEE LT, 7 XVEE-C; NWIZHERIR Z B85 IEAE L=, —E&% /K CTEMIZAHR
L, I1mLHIZY T XVEE-BC & LCapg 50T 2WNIEERZRE Lz (HRFHE) .
6) WHEK A 7 h=KFYU/L—10 mmol/L EFEET » & =7 AIEHK (19+1)
7)) WHEK B 1l mol/L HEfET » E=U AWK 10 mL IC 7 h=FUL—/K (1+1) 2z T1
L&L7z.
23 HEROEGE
1) BEWEEE  MCS-6 7 XU VIRGE
2) HREYF AP — : POLYTRON PT20SK KINEMATICA fl
3) JRIEEMEA A RBIRI =T L (LT [R=8F 4] Lo, ) : Oasis MAX (ETA
FE 150 mg, U W —/"—% & 6mL, Kift 60 um)  Waters f
4) AT F 7 4V H— : 13HPO4SAN (FL£2 045 pm, EE 13 mm, AUV F F 7 74 nxT
L) TR AT
5) LC-MS/MS :
LC #[ : Nexera X2 SEfU/EpTil
MS # : LCMS-8040 & it B/ iy
24 EEFE
D o
ST 1 g & IEMEIC &> T 50 mL O 3 O UREAE I AdL, K 10mL 20 % 7214, 15 47 [H]
A ALEE L7, Zo@EOMEEEICT7TE h=F) /L 10 mL 2%, B2 T XLEE-13C; PIZ
R 250 uL 2 EFEICMZ 2%, STV FA P —T | s ERETHE LA, HEE
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1600xg T 10 /il DBt L, EEAE2 mL %2 10 mL O2ET 7 A3 ZIEMIC AN, &%
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2) 1T LALER
R=hTLETER=FUASML KOYT =T K (5423) SmL CHAEKRPEE L=, REHA
W2mLZH L0 UOT E=TK (5423) 3mL 2 AN =47 LM TR L%, &’
HAFTTARIO ESICET L E Tl SER. &61L, 7UvE=7K (5423) 5mL 23 =
TACMAZTCHRESEEZE, 72 h=hJJL S5mL 23 =h 7 ACMATEEZHH ST
(WEHIE 1~2 mL/min B2 L 225 X5 IR~ =K —/V REHEH L7z, LUTFHEEE )
10 mL OHRHBRELZ I =N T LOTICESE, ¥E—7TEr=r)v (1+24) 2 mL %I =
T 7 AZEFEICMZ T T XINVBEREESE L%, 2Rt sk,
WHEE AT T 07 4 VA —TAHil L, LC-MS/MS IZ X B HlE I3 23BHAIR & L=,
3) LC-MS/MS (T X % lE
AUBHE IR B OV i B ARAE RN © 7 XOVERIEYERR4S 5 uL % LC-MS/MS ITVEA L, ZBIRBUG R
M (LLF ISRMJ &5, ) 7ma~ N7 T L5257, ESRMZ Table2 KO3 2R LTz,

Table 2  Operation conditions of LC-MS/MS
Column SeQuant ZIC-HILIC (2.1 mm i.d. x 150 mm, 5 pm), Merck Millipore
Mobile phase Solution A — solution B (19:1) (hold for 8 min) — 2 min —
(2:3) (hold for 10 min) — 2 min — (19:1) (hold for 5 min)
Solution A: 10 mmol/L ammonium acetate-acetonitrile (1:19)

Solution B: 1 mmol/LL ammonium acetate solution (10 mL) was
filled up to 1 L with acetonitrile-water (1:1)

Flow rate 0.3 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Nebulizer gas N2 (3 L/min)

Drying gas N2 (15 L/min)

Interface temperature 350 °C

Heat block temperature 300 °C

Desolvation line temperature 250 °C

Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)
L 42 - 17
Cyanuric acid 128
- 85 10
s 43 - 16
Cyanuric acid- “Cs 131

- 87 11
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4 it
HEONTZSRM 7 < T T ALY T XNVEBE NS T XVER-BC; O ¥ — 7 HfE & KD TH
BRI I D BREREZER L, REPoO 7 X ViELZHFHE L.
R, EEEOMZ % Scheme 1 1277 L7,

Sample 1.0 g (50 mL centrifuge tube)
added 10 mL of water, treated by ultrasonic for 15 min, and added 10 mL of acetonitrile
added 250 pL of cyanuric acid internal standard solution (4 pg/mL)

homogenized for 1 min
— centrifuged for 10 min at 1600xg
2 mL of supernatant (10 mL volumetric flask)
|—ﬁ]led up to 10 mL with acetonitrile-water (1:1)
Oasis MAX (150 mg)
washed with 5 mL of acetonitrile
—— washed with 5 mL of 28 v/v% ammonia water (5:23)
applied 3 mL of 28 v/v% ammonia water (5:23) and 2 mL of sample solution

——washed with 5 mL of ammonia water-water (5:23)
—— washed with 5 mL of acetonitrile

—placed a receiver (10 mL stoppered test tube)
eluted with 2 mL of formic acid-acetonitrile (1:24)
— filtrated through a membrane filter (0.45 um)
LC-MS/MS

Scheme 1 Analytical procedure for cyanuric acid in feed
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ASOWAENFEDITZ T2, M E SR ER AR MERR 2 FR 3 2 il & 7 XV IR R HE R & OV
JUBR-BCy WARHEFR 2 SR Lo & 2 A, Y EEMNGEI N2, LRI EIE
T R TN D

3.2 ESKHYEAF O T XVEE DS HTIE D KE
1) BT LE O

i

BT B DR R O R GE

BFTCEE O R ERFTSICHE L 7 DB OBRFHIB W T, Y7 XVEEE v
T XIE-BC; OEINRNTEHET A5 L o7, ZOZLEFARTHENITEZ Y 22 WH
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Table 4  Effects of dilution factor of supernatant and washing mini column on recoveries for
cyanuric acid and cyanuric acid-"3Cs

. . Dilution fact 3 (o
Order of washing solution flow HHon factor Rebfovery (%) T
of supernatant  Cyanuric acid”  Cyanuric acid-"Cs
Acetonitrile 2.5 46.5 44.4
— 5 79.8 78.4
Ammonia water-water (5:23) 10 757 71.0
Ammonia water-water (5:23) 2.5 36.7 34.4
- 5 66.2 63.6
Acetonitrile 10 75.4 73.9

a) Mean (n = 2)

b) Absolute calibration curve method

i 17 DAELO BEEIE O fR Y

REHRIRARBE DO I =07 AOWHEICHOVWTIE, SMTEEORETIEITE =1V,
TUE=TAK (5423) DIETITH 2 & & LR, BT LMAEHZRICHE O3 EHATRIC B %
DRONTZZ &, £, TUVE=TKOEHFREIZILVIEHIED pH N E DV, LC-MS/MS T
L DMEMICEENHDL Z ENBEINDZ D, TEFDIEELZT =Tk (5423) ,
TER=MINMZEELETDHZ LIZONTRFEZITS 2.

BRTEE ST R R DB E AT 2512k o7 VIR KON T XVEE-13C; DAY
FhROTZ. Table 4 OFER G, BOLTEER O BB E 10 S54RI HETH RIFRH
RThotend, BELTHEE FRMAYIRE (0.5 mgke HY&E, RERBHEKRT T 2.5
ng/mL) ZHELRFICELNDIE—2 O SN N 10 R L7202 ENBEE&ESINZT-0, §
BRI CTEET DL L. ZTOREE Table 5 DBV THY, TrE=7T/kK (5423) ,
T h=bF U AOIETHES LZGETIE, 57 L0BBICELNZRENARICABA R LR
T, VT XK T XVEE-BC; ORINEITTE b= YL, TUE=TK (5423) O
E Tl Lz kL RABRICBARERTH-oT-. Lo T, RBRKARRD I =h T LDU
W7 o'=7K (5423) , 7B h=RUADIETITH > Z & L L1,

Table 5 Effects of washing mini column on recoveries for cyanuric acid and cyanuric acid-'3Cs

a)
o Recovery (%)
) ) Dilution factor of - -
Order of washing solution flow uton factor-o Cyanuric acid-

supernatant  Cyanyric acid” B3 b
3
Acetonitrile — Ammonia water-water (5:23) 5 75.8 81.8
Ammonia water-water (5:23) — Acetonitrile 5 87.2 89.2

a) Mean (n = 2)

b) Absolute calibration curve method

2) WiEWE OKE
MRS 3 MR Z Y, 24 12K R (277 L7 XOVEE-BC; WE¥ER IR, ) L
72 EHATR Z LC-MS/MS ICTEAL, 6N SRM 7~ NI L xMR L., TOME, &
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T T XVER &R CARFRRERTIC B — 2 358D 53 (0.13~0.27 mg/kg) , EEA A2 L MRA A

VO HLIERER EFAETH T, T2 T, 26 WS THT LRI TV =2y MRUEEEFL

THREIToT2 L 2 A, VT AXNBOERMBIZKEREVRRNSTZENE, YF%E—27 X

VT AN THD EHBL, WTHOREHIBWTH U T XABOEREEZGT 5 E— 271338
SIipinotz. F£i2, VT XVEE-BCIZOWTIREFHICE— 27 1ZRB O b ho 7.
2k, BONZSRM 7 n~ N7 T AO—fl% Fig. 2 IZ/R LT,
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= 0 1 € 0 1
-3000 ' . . . . . -3000 — ———
3 35 4 45 5 55 6 3 35 4 45 5 55 6
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C 18000 A D 15000 |
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C
g 3008 131> 43 g o 131>43
-3000 —r———————
-3000 — T T T T 3 35 4 45 5 55 6

3)

3 35 4 45 5 55 6

Retention time,/ min Retention time,/ min

Fig. 2  Typical Selected Reaction Monitoring (SRM) chromatograms of cyanuric acid and
cyanuric acid-'3Cs in standard and sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times
of cyanuric acid and cyanuric acid-'>Cs.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~D: Sample solutions (dried skim milk)

VNI EIEN

ARG FL 2 BRIRIZDWTC, 2.7 IR 0 BNENERER 2 FEhi L7-. £ DOfEFRIL Table 6 D L ¥
0, VT XVEEO YR IT 89.3~108 %, £ DR UK XM E#ERF 2 (RSDy) & LT
9.6 %L FORMFENG BTz, Fiz, V7T XVEE-BC; OB BRI 50.4~76.7 % ThHh 72, 2
WHIE, ZUMEMBIETA T A ICED DN EE R OIHMTREO BAEME (BE : 70 %LL
£ 120 %L, PWEEHEDBENNE @ 40 %LLE, FEE 177 %L T (RINRE 0.5 mg/kg) XX
13.9%LLF (SHINEREE - 2.5 mg/kg) ) &I HiETH - 7.

7B, 5N SRM 7 u~ 7T L0 —fFl% Fig. 3 12k LT-.
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Table 6 Recoveries for cyanuric acid

Dried skim milk 1 Dried skim milk 2
Spiked level R 7 rsD” R 9 RrsDY
(me/ke) ecovery A ecovery A
(%) (%) (%) (%)
0.5 108 9.0 107 9.6
2.5 89.3 2.2 100 4.8

a) Mean (n = 5)

b) Relative standard deviation of repeatability

A 32000 4 ‘ B 32000 4
L, 27000 - 27000 A ¢
4] 1%}
£ 22000 - T 22000 -
S5 17000 1 o 17000 A
S 12000 - S 12000 -
>
£ 7000 - Z 7000 -
= f=
§ 2000 1 £ 2000 -
€ -3000 T T T T T J £ -3000 T r T T T 1
3 35 4 45 5 55 6 3 35 4 45 5 55 6
Retention time /' min Retention time,/ min

Fig. 3  Typical SRM chromatograms of cyanuric acid in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (25 ng/mL: 0.125 ng as cyanuric acid)
B: Sample solution of dried skim milk (spiked at 2.5 mg/kg of cyanuric acid (as 25 ng/mL in

sample solution))

3.3 BiIEBFLEAS DR~ D ALK O kR Ed
FE BRI DWW TR — D HHE TR TE D LI T 5720, REBPBIEHILLS O
AHEHZBWTHEHATREN E 9 2y, LT OB 21TV iR L7z,
1) WiEME OB
ARG ER 2 RIE (ST 5 BRALOREEER) , WAERGEE 2 ik (FAHTKE
B M OHEKEF ), BRMAEAEE 2 BE (SVEFEALCZVWERM) , ROl»d
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Fig. 4  Typical SRM chromatograms of cyanuric acid and cyanuric acid-'3Cs in standard and

sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3.

cyanuric acid and cyanuric acid-'>C3)

Arrows indicate the retention times of

A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)

B~H: Blank sample solutions (B: formula feed for layers, C: formula feed for breeding pigs,

D: formula feed for carps, E: soybean meal, F: fish meal, G: squid meal, H: shrimp meal)
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2)  WINEIGRER
fl Gkl (RBEER KOSV EERA) , REM»TEROABKBIZOWT, 2.7 X viRm
HUERER 2 Sl L7z, ZORERIT Table 7 O &Y, 7 XOVEED IR IL 89.9~99.0 %,
RSD: 1E 16 %LL FORAEMF DLz, F£72, ¥ 7 XUVER-PCs O X ENLHEIL 72.0~79.4% TH -
. INBE, ZUMEMRBIENA RTA ICED BN EE R OOHMTHEEO B (B .
70 %A F 120 %LA T, WAEMEDENNER : 40 %LL B, KEE 0 17.7 %L T (RN EE @ 0.5 mg/kg)
XIE 13.9 %A T GRINEE : 2.5 mgkg) ) ZM-THEBETH-
2k, BONZSRM 7 a~ N7 T AO—fl% Fig. 5 IZR LT,

Table 7  Recoveries for cyanuric acid

Formula feed for

Spiked level Formula feed for layers yellowtail fish Soybean meal Fish meal
(mgkg)  Recovery” RSD,” Recovery” RSD,” Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.5 99.0 7.2 93.3 2.5 89.9 5.8 98.1 16
2.5 98.9 1.7 95.3 1.0 94.4 1.0 96.2 2.5

a) Mean (n = 5)
b) Relative standard deviation of repeatability
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Fig. 5 Typical SRM chromatograms of cyanuric acid in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (25 ng/mL: 0.125 ng as cyanuric acid)
B: Sample solution of fish meal (spiked at 2.5 mg/kg of cyanuric acid (as 25 ng/mL in sample

solution)

3.4 JEE FREORH TROBE
T XIVERO R EAR DS EARME A R LT-#iF, & 2.5~200 ng/mL O FafliT & e HEE GUEHR
T 0.5 mgkg FHY & (FERBHRRTIRE 5 ng/mL FHY &) ) ORMENGGEE DR RIZEGFTH
D (Table6 X O7) , HONTZE—7DOSNIN 0L ETH o722, RKIEOVT XVERD E &
TEROREEITFAEI T 05mgkg & Lz, ZOREE, fEH O T XVEROFEHEE 2.5 mg/kg 12
LTS5 ThHY, ZUEHERIETA RTAVICED LT BEEME GEHEMEICX LT 1/5 BLT)
ol NG AY
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AKEOKBE FIRZMHERT 5720, IMENGEERICE DS —27 D SN N3 EERD
2R, ZOE, M TRIZEEB T T 02 mgkg TH Y, RIS Y MEMHRETA KT
A NTED DI BAEME (RIS LT /10 BLF) &= L Tu-.

4 FEOH
AR SLARICE A/ T 52 7 XVERIZ OV T, LC-MS/MS % FW 7253 B 1% O LBy e e~ oD I

DARERE Lz, 512, BB ORE CARIENSEA AR Lz, I =87 A0k

EOFTEEICHRRN LEZIERE L IZHO, 7o'=7T/K (5423) , 7B r=F UV L DJEICEFE L,

UTORENGLNT.

1) BifERFL 3 Mk, HBARGEE 2 ik (ST 5 BRHLOREEEMH) , KSR 2 fik
(FAMFHRERA L OCEKEETH) , ERAREGEE 2 BE (SVEFRHAEKTIVERK
) REMT 2 K, B2 BE, A7 I 2/KE, == 2BREIZHONT, RIEIZ
o THRLNTEZa~ N7 AL, EEEZGITHIE—7FRBOLNRN-T.

2) WBifERFl, EEEE (RBFEERALRRSVEERM) , ROWhTROERICS 7 Xvige L
T 0.5 KW 2.5 mgkg fHEEZIRML, ARIEITHE- T 5 mOMTONT 2 505 L, BIER & OVER L
FEEZROT-E A, ZUMHERIETA RTA4 TED LI EE K OGHTRE O B A % W 7=
TRIARERIE L.

3) ARIEOTT XVEEOE R FIRIT 0.5 mg/keg, B TIRIZ0.15mgkg Tho7o. BELERE TR
F O TRRIZ, ZUMMERIENA R4 e b BAEEEHZ LTV,
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