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

Ayumi NUMATA", Yuichi TAKAHASHI" and Shinpei NAGAKUBO®

(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

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. Next, 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 acetonitrile and ammonia water. 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 pum, 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 three 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 94.6 % to 107 %. The repeatability in the form of the relative standard
deviation (RSD.) was less than 15 %.

Key words: cyanuric acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); dried skim milk

X—TU— R T XU R e~ N TR T AR ESTE 2L fe RS L
—A A Ak B L

1 # B

T XOVIEEIE, —RIZT T ATy ZIZEINT 2 RO BRI OJRE, S DR R EA L L
THEAINRTVDY, T XVBECHEEILAEM TH D AT I 103, ZiIiCATRRLS THY, =
FRIRTELZEALTVD D, BRMEIZRNESN, AT olAiBEEREE D 5 5KEA L LTH
WHENDZERNHDHY. VT XNAVEE AT I E, HMTER LGS OSBRI RAEN
2, FRFICEIRL 7256, BAREFRTHMBEEERAT 22 ERRBRINTWDHD. 2007412k
EIZHBWT, 27 I VEEbEWITEREINTEXy b7 — REEBR LA X ERIITBITHHAE
JEFI S KBIBICH A Lz, FHREICBOTE, A7 VBEE(LEY B A EIRBA S -8 A

" OMSEATEOE N EMOKPETE B e il o 7 — JRE RN A A



AE AL O T INBOWEER s v~ 75 7 % 7 MVE RSN L 2 EREORET 29

TR AL RN & BN 2 AN LB ASEOWENRE S TVWDYD, BARICBWT, ST
HE8H6H 1 TEE O EWME OB L OVEHILEI N IE S, RFBE2BRL &R (R
Eale. ) HORXATIVERTT XEE (V37 XVEE) & L CEBAME2.5 megkg &% T
S (BR2E2H6AMETT) . LvL, 7 XABRIZOWTIE, & OBk oy g |2
P ENTWRWNWZ LD, SITEOENEE LR >TND.

WEAE E&%%i,*.ﬁmi%m%(ﬁ%)ﬂ RENTWDHIK I u~ N 7T 7805 A
AE AR (LLF TLC-MS/MS] &), ) ICKHERIEY (LLF IFDA 5] L), ) &I
ﬁﬂ$@v7ﬂ»M@LoMWMsVié*ﬂ%%%%LKQ Z OB, BiERFL T O EINE IR

(B THRIE T BRI R3DOABRIE D Y VERERBIET A R A4 (LT TS HmMiETA K
A2 EVnI. ) ILEDLNTETHRELZM-SBRWERL RV, F-NERTH D ZERNMIKIT
TR T XVl (LR [ 7 XOVER-BCs) ). ) ORIELRERWFERTH- 722 L0 b,
BRLBENMEE Sz, 22 THE, BIEHALEZTGRE LT 7 XVBOEREOKRIZ DN
TR LEZOT, TOMBELHETD.

ZEILTT XN OMIENXEF L Fig. 1 IR LT,

OH
N|)\N
)\ )\
HO N OH

1,3,5-triazinane-2,4,6-trione
C3H3sN3Os  MW: 129.075 CAS No.: 108-80-5
Fig. 1 Chemical structure of cyanuric acid
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B7 7 A3l AN, KeMATEPL, BITERE TKREMA T 7 XVEE-BCs WAE YRR
B (O 1 mL X, 7 XEE-B3C & LT250pg 2 afd 45, ) .
4) RREMRIERH > 7 XV EEIEHETR
FERICER L C, ¥ 7 XOVEREEREFIR K OV T XOVER-BC, WIEEHERRO —~ER+2 XHB -7 &
F=HrU (1+24) TIEMEIZHRL, 1 mL FI2> 7 XERE LT 2.5, 5, 10, 25, 50, 75,
100, 125, 150, 175 }x 8200 ng &AL, MOV T XVER-1B3C; & LT 10 ng & H T 545K
EAERH > 7 XOVEBRE R 2R U (R .
5) 7 XVEE-13Cs AR HEIK
AR LT, 7 XVER-3C; WA O —E ' A2 /K TIEMEICAINL, 1 mL 1237 X
VIE-BCs & LT apug AT HNIEMERZ AR L (FRRE) .
6) WHEEKR A 7 bF=hkU/L—10mmol/L HifET & =17 LK (19+1)
7) THER B 1 mol/L Fife 7 v E= U LAWK 10 mLIC 7 h=hKU/L—sk (1+1) ZMzT1
L&L7.
23 HEROEGE
1) MFWLeEE - MCS-6 7 XU U IRE
2) AEYF AP — : POLYTRON PT20SK KINEMATICA #l
3) MRIEHEMREA A URBEI =T A (LT X=X 74) L9, ) : Oasis MAX (ETA
Fl&E 150 mg, U — "—%K& 6mL, Fiff 60um)  Waters
4y AT T2 7 4)LH— : 13HPO4SAN (fL££ 0.45 pm, ERE 13 mm, AU FT h T 74w F
L) R
5) LC-MS/MS :
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YW 250 uL & IEFEICINZ 728, REV T AP —T 1 S ZRE T Lz, itz
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Iz CaEEit SE (REIT 1~2 mL/min fRE L7225 X ICWEl~=h— 1V FEMEHL

72, UUFREEE. ) %, 7oF=T/K—/K (5423) 2 mL ZI=A 7 LMz CEEL2HRH I
72. 10 mL ORRBREELEI =D T LOTICES, ¥B—7TE =1V (1+24) 2 mL %
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Table 1  LC-MS/MS operating conditions

Column SeQuant ZIC-HILIC (2.1 mm i.d. x 150 mm, 5 um), 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)

Flow rate 0.3 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Negative

Nebulizer gas N> (3 L/min)

Drying gas N (15 L/min)

Interface temperature 350 °C

Heat block temperature 300 °C

Desolvation line temperature 250 °C

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
L 42 - 17
Cyanuric acid 128
- 85 10
yanuric acid- "C; i - 1

4) i "
SO SRM 7~ M7 T 505U T XNVEKE OV T XLR-13C; OV — 7 [Hfg % KD TH
BRI I D BREREER L, REbFo 7 X vigELZHE L.
kB, EEHEOME % Scheme 1 127 L7-.
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Sample 1.0 g (50 mL centrifuge tube)
——added 10 mL of water
—ultrasonic treatmented for 15 min
——added 10 mL of acetonitrile and 250 pL of cyanuric acid internal standard solution (4 pg/mL)
— homogenized (1 min)
— centrifuged for 10 min at 1600xg
2 mL of supernatant (10 mL volumetric flask)
l—ﬁlled 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-water (5:23)

—applied 3 mL of 28 v/v% ammonia water-water (5:23) and 2 mL of sample solution
—— washed with 5 mL of acetonitrile

—— washed with 2 mL of 28 v/v% ammonia water-water (5:23)

——placed a receiver (10 mL stoppered test tube)

—ecluated with 2 mL of formic acid-acetonitrile (1:24)

—— membrane filter (0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for cyanuric acid in dried skim milk
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IZIEFEIC AN, 7 XOVEE (2.5 mg/kg #HY &, FAEBHAK T 12.5, 25 XY 50 ng/mL)
KON T XVEE-BCs (1 mg/kg FHYE &, [[A2.5, 5 KON 10 ng/mL FHY &) 2z, LLF, 24D 1)
NEH DICH > TRENAK Z I = T LA LTz, BIZT7 yE=7T K=K (5423) 5mL %3 =
TN CEELRRE SE2 (F#IX 1~2 mL/min B2 & 7225 X 525l ~=F—/L K&
AL, UTRE. ) %, 7Br=hrIA5mL I =72 IMx TR SEZ. X,
TER=bFUV SmL =0T AMATCEEZWMHEETHK, TorE=TK—/K (5+23) 5
mL%Z =07 AIMATEEZRMSE. BT, 240200 HITHEWVERIEL .
VT XV O T XOVEE-BCy ORI T M R EARIEIC LV R LS. e, V7 XVEg
OEIRIHEREI DT T v 7 lEx2FZELGIWTEI LT,
26 TUE=TIK—AK (5+23) I X HEHIEEORF THW I E R
242X VIR U7 B AR 2 mL & EREICANT 10 mL O2® Y 7 A2, 7 X)VER% 0.5
% 2.5 mg/kg FHY B (BKBUEHA P C 5 X3 25 ng/mL fAHY &) , 7 XJLEE-BCs % 1 mg/kg
Y & (R &RUEHATR T T 10 ng/mL fHYS &) 2L, T, 24D 1) OEET T AADER
No DOBIEE T2, 72720, 24D 2)DOT7 ¥ b= I LDWEHEHKOT =T K—K (5+23)
DOYVFHE I, 2mL L TO5mL & L7z, B2 2.4 @ )ITHEV LC-MS/MS THIE L7-%, #ok &
BUEICL D o7 RAVBORBINERZRD 7=, 28, VT XABOBIRIIESRAEO T T 7 % #
LEIWTHRH L.
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HOIBH TR TV NEUTOEBYVERTHZEICIVMEREI T, 7ok, WK
sa~< 7T 7EOME SR 2.4 1ITHE- T
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WA 5 2 IR Le. PEEHEE TIE Y 7 XOVER-13C; 12X 0 o7 XLER O [A] U R 73 4 1E
END IO RBECORKRA A UL EICL 2 AT ORIEOK T 2R LS50V &
B, BREFOBRITIT T T X VIR ORI TR EAREIC L0 B L7z,

BAE I FL 2 AN T 251080 &7 XNVEBOEINEZRD T L Z 5, Table 3 OFFEN G LT,
T ZNVBOBEINEN R S B RFERTHo722 200D, 5 AR U EEAREEZ T T LB
it 5Ll L, REBHEANBOI =T LOEEIZTE =R U, TUrE=TK—K
(5+23) DIETITH> Z & & L. ok, MmERIEICI VBN L7 XOVEE-13C; OENTEHE
I, ETORBRICBWTY T X VR EFRBEETH- 7.

Table 3  Effect of washing mini column on recoveries of cyanuric acid and cyanuric acid-"3Cs

Dilution fact 2
Order of washing solution flow urort factor - R'ecovery (%) I
of supernatant  Cyanuric acid  Cyanuric acid-"Cs
Acetonitrile 2.5 46.5 d4.4
— 5 79.8 78.4
Ammonia water-water (5:23) 10 75.7 71.0
Ammonia water-water (5:23) 2.5 36.7 34.4
— 5 66.2 63.6
Acctonitrile 10 75.4 73.9

a) Mean (n =2)

33 TrE=TK—=/K (5+23) 2k DUEHIREOKG
32 DBFHZBWT, TrE=T/K—/K (5423) 5SmL TI=h 7 L& L7tk SB—Tt
F=HKU (1424) 2 mL TY 7 XVEEEZEH LB, WHIERO A@AE S i, 7
YE=T K=K (5423) DIREN S ol EE L, WEEZHOLT I EICX ) AEIEN S
NDOD 26 ICKVHER L. Zodb, WK EL O T 2 LIT X 0 KR OVEE B A +57 &
Y, A A M EORBEERELSZTFDLIENEZLNT, £ T, BHFREZMO T2 L1
X0 T XVEBOENGENME T L2V R T 2700, MikHRERIEIC LD o7 XOVERO R
EEMTLHEE LT
ZTORER, TroE=TK=/K (5423) 2mL CTI=AT72%2%EFTH2LICLY, BHEOHA
BIXE S NIz, £7z, Tabled O LBV, I=HT7L2OWEFICHNDLT U E=TIK—7K (5+23)
DR 2mL & LTH, VYT AABOBEIREMETT 52 L3 2hotz. i, WMBEHK &
T XOVEBEERF O T XVEE-BCy; O B — 7 D 6 2T XOVEER-BCy ORI ER %R
Wicb ZTA Wl &2 2 mL L OV5 mL OEHICE T, ZE0 789 %Ll B, 745 %Ll LoD
WRTHoT-. LoT, UBMOBFNLT v E=TKk—/K (5423) 2 mL TI=HF T L& WEHT5H
N O el
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Table 4  Effect of wash volume on recoveries of cyanuric acid

Wash vol f :
as. voume © Spiked level Recoverya)
annmonia water-water

(523) (mL) (mg/kg) (%)
, 0.5 85.3
25 93.0

5 0.5 82.5
25 91.7

a) Mean (n =3)

3.4 WiEWE OB
AR FL 3 MRz VY, 24 12X VR (7272 Lo 7 XOVER-BC; WEHER X mE 3. ) L
AEHATRZ LC-MS/MS IZEAL, 55072 SRM 7 a~ b7 7 AR L. ok, ok
SRM 7 u~ k7T LO—fl% Fig. 2 \Z/Rx LTz, ZOREE, &2 TY 7 XV L A UL B —
7 BB 5L (0.06~0.08 mg/kg) , EEA AL EHERAA O BIEEREFRIETH-T. &6
2, 27 WS THT LRI TV 2 NEGEER L CHREI T2 25, TOEREMEIZK
EIREWRIR DT 2 e, VT XARTHD LML,
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Fig. 2 Typical Selected Reaction Monitoring (SRM) chromatograms of cyanuric acid and
cyanuric acid-"3Cs in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the retention times of
cyanuric acid.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~D: Blank sample solutions (dried skim milk)
3.5 FINEII SR

2.8 (2 &V Rna I ERER 2 FEkE L 7.
94.6~107 %, = DK UK XM ¥R Z (RSD,) & LT 15 %A T ORGED S H 7z,

FOFERIL Table 5 D 2 BV,

T X VRO SEE) R R X
* 77,

TRINEN R BREUBHK & & 7 XOVEBIEHERR O ©— 7 TAE D e & o 7 X VEE-13C3 O 14 [B]IN 2R 4
KO & 25 66.0%LL EOFERTH T,
FEAE (LB 0 70 %LA 1 120 %LA T, WARHEDEINER : 40 %LL B, R : 17.7 %LA T (RINREE -
0.5 mg/kg) XI% 13.9 %LA T (AR : 2.5 mg/kg) ) %/ T B ETH- 2

7k, oM SRM 7 v~ 7T ADO—H#l% Fig. 31T LT,

IHhBIE, RUMMRETA R4 IZEDBNTZH
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Table 5 Recoveries for cyanuric acid

) Dried skim milk 1 Dried skim milk 2 Dried skim milk 3
Spiked level " b) 2 b) a) b)
(mg/kg) Recovery RSD; Recovery RSD; Recovery RSD;

(o) (%) (%) (%) (o) (o)
0.5 101 15 107 11 94.6 6.1
2.5 105 2.2 96.7 1.7 97.6 2.0

a) Mean (n =5)
b) Relative standard deviation of repeatability

B
59000 - l 59000 - l
@ 49000 - @ 49000 -
£ £
3 39000 A 5 39000 1
(] ©
\. 29000 - \. 29000 -
z E
£ 19000 - £ 19000 -
c c
= 9000 - = 9000 -
1000 ; ; , 1000 ; ' .
3.5 45 5.5 6.5 3.5 45 5.5 6.5
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 1 and 2. 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 0.25 ng/mL in sample

solution))

3.6 & TR O TR OB

T VR RN ERME 2 R U2 #iFE, 45 2.5~200 ng/mL O FEgATUT &2 D RE GREMFR T
0.5 mg/kg FH 4 & (FofalRHAR P IR EE Sng/mL M4 &) ) OWNEIGRBR O R, fohie—
7D SNIB 10, EThoToiodh, 7 XNABOER TROEETFEH T 0.5 mgkg & L7,
ZOBEEX, BT O T XOVERO FUEM 2.5 mg/kg (2 LT 1/5 THY, ZUMHRIESA R
TANTED bV BIEEE (1/5BLF) &7z LT\,

KIEOHH TIRZMRT 2720, BIMEGRBRICEVGEONTE—27 D SN A 3 L 2RE
BRI TOE, B TFRIZREF T 7 XLEE 0.15mg/kg TH Y, A Z Y ERERIE A
A R4 NCED SN BEEE (1/10 LUF) &7z LTz,

72%, Table 5 IR L7ceB0, ¥ZEE FRIEEIZKIT H2IMEINGRBRE R IZIBIF CTh o 72,

4 FEOH
MRS FLH IC I T 5 > 7 XLEEIZ DUV T, LC-MS/MS % F 7= & Bk D kS ﬁﬁﬁf\@a_
DAEBIZHOWTHREI LI L 24, BOUDHERD FEBELEOFREROEE R ORT v E=T KIZE
RIS A A U RBR I = T 2 OWEEZENT S5 & T, UTFORBENELN, %ﬁ%ﬁiﬁfﬁﬁ
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boHEEBEZOLNT.

1) BRI 3 RIKIZOWT, KRB THRONZZ a~ 77 A2, ERBEEZHTFL2E—71X
RO LI T,

2) BUIEMFLICS 7 XLERE LT 0.5 KT 2.5mg/kg fHSEZRIM L, AEITHE- TS5 BTN %2
T L, [EUCER OO LREZ RO 2 A, ZUEHERIETNA RTA VIZED ONT-EE K
OPHMTHREEE O BARE 2 7= 3 B e S 108 S o iz,

3) REOTT XNAEEOER FRIZ0.5mg/kg, it FIRIZ0.15mgke THo7o. iR E L7ZERE MR
ORI TRRIL, ZUMMBIET A R4 VICED b BAREA 72 L T\,
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