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Study of Determination Method of Cyanuric Acid in Feed by LC-MS/MS
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(" Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center)

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

Cyanuric acid was extracted with acetonitrile-water (1:1), and the extracted solution was
centrifuged. 4 mL of the supernatant was then diluted with acetonitrile-water (1:1) to a volume
of 10 mL. The diluted solution was purified with a SPE column (Oasis MAX, Waters Co.;
Milford, MA, USA), and 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 mmi.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
ammonium acetate dissolved in acetonitrile-water (1:1) as a mobile phase. In the MS/IMS
analysis, the negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on two kinds of formula feed, fish meal, soybean meal and 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 79.0 % to 111 %. The
repeatability in the form of the relative standard deviation (RSD,) was less than 14 % on two kinds
of formula feed, fish meal and soybean meal, and less than 31 % on dried skim milk.

Key words: cyanuric acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); formula feed; fish meal; soybean meal; dried skim milk
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Fig. 1  Chemical structure of cyanuric acid

2 EBRAE

21 R K

Flafel (T ra 7 —IBERYA, RBEHEH, THRERA, IKIEEH, bOERALDS
FITERA) , A, A I—N, TEI VKO KREMITEZENENEBE I MmO R Y
— U EREE LB TTH L. BERHLIC OV TIE L mMmOSsS N EFEBsd-. =3I —
2RI~V L=V TEMORXNFLAEEZHWZ., A DI =L 2 80EMIRHTH-T=. ZOM
OFBHIEEZ HV .

7B, BEHZHWIZEGEEORGHE G % Table 1 IZ/R L7z,



40 fREHFZEHEE Vol. 44 (2019)
Table 1  Compositions of the formula feeds
Forr:;l):eed Ingredient types Prczgzr)tlon Ingredients
For broiler finishing Grains 65 Corn, brown rice
chick Oil seed mesal 26 Soybean meal, rapeseed meal, corn gluten meal
Brans 1 Rice bran
Others 8 V egetable ail, calcium phosphate, calcium carbonate, salt, feed additives
For layers Grains 60 Corn, milled rice
Qil seed mea 19 Soybean meal, rapeseed meal, corn gluten meal,
enzyme-treated soybean, palm meal
Brans 7 Distiller's dried grains with solubles, rice bran
Animal by-products 1 Fish meal
Others 13 Calcium carbonate, animal fat, calcium phosphate, salt, glucose,
lactic acid bacterium, fructo-oligo saccharide syrup,
fructo-oligo saccharide, paprika extract, silicic acid,
silicic anhydride, bifidobacteria, feed additives
For growing pigs ~ Grains 71 Corn, milled rice, wheat flour, bread crumb, wheat, milo
Oil seed medl 16 Soybean meal, rapeseed meal, corn germ meal
Brans 2 Wheat bran
Animal by-products 2 Fish meal, bone and meat meal (derived from pork and chicken)
Others 9 Food industry by-product, molasses, corn steep liquor,
calcium carbonate, calcium phosphate, salt, vegetable oil,
betaine, silicic acid, animal fat, feed additives
For pork pigs Grains 73 Heat and press-treated corn, milo, corn, heat-treated corn,
heat-treated barley
Qil seed meal 22 Heat and press-treated soybean meal, rapeseed meal, soybean meal
Others 5 Animal fat, calcium carbonate, salt, calcium phosphate, vegetable ail,
feed additives
For sweet fish Animal by-products 56 Fish meal, krill meal
Grains 31 Wheat flour
Oil seed med 7 Soybean meal
Others 6 Calcium phosphate, seaweed powder, feed yeast, wheat germ,
shelly fossil powder, garlic powder, calcium carbonate,
soybean lecithin, silicic acid, feed additives
For oncorhynchus  Animal by-products 56 Fish meal
rhodurus Grains 26 Wheat flour
Oil seed meal 7 Soybean meal
Brans 6 Defatted rice bran
Others 5 Feed yeast, calcium phosphate, seaweed powder, calcium carbonate,

feed additives
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L, WHAFTETAKO EMICET 2Tl &EZ, BT r=hJA5mLE2I=hT 4
Iz CaEEHE SE2 (T 1~2 mL/min F2E L7225 X ) ICWg|~ =& —/L FafH L
7. AFMEE. ) . 10 mL ofEgeRBRELZI=I T L0 FICEE, ¥B-—TEr=1F UL
(1424) 2 mL #3=Hh T AIZEMICMZ T 7 XABEBRBRHESE-. BHKE ALV T T 7
A NVH—TAHiL, LC-MSIMSIZ X 2 HIE I3 2 kAR & L.
3) LC-MSIMSI|Z X BHlE
FBHA R e OV e AR VBRSO & 7 XOVERIEHEIR A 5 UL & LC-MSIMS ITIEA L, RIS
HO(BLF TSRMJ W9, ) Zu<x b7 T 08%557-. WESMESL Table2 N3 ITRLT-.

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

— 2min — (19:1) (hold for 5 min)

Solution A: acetonitrile-10 mmol/L ammonium acetate solution (19:1)

Solution B: 10 mmol ammonium acetate dissolved in acetonitrile-water (1:1)
Flow rate 0.3 mL/min
Column temperature 40 °C
| onization Electrospray ionization (ESI)
Mode Negative
Nebulizer gas Nz (3 L/min)
Drying gas Nz (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
(mlz) (mlz) (mlz) (eV)
L 42 - 17
Cyanuric acid 128
- 85 10
Cyanuric acid-"Cs 131 2 - 1
- 87 11
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Sample 1.0 g (50 mL centrifuge tube)

——add 20 mL of acetonitrile-water (1:1)

(powdered skim milk: add 10 mL of water, ultrasonic treatment for 15 min, and add 10 mL of acetonitrile)
add 250 pL of cyanuric acid internal standard solution (2 pg/mL)

—— homogenize (1 min)

—— centrifuge for 10 min at 1600xg
4 mL of supernatant (10 mL volumetric flask)
fill up to 10 mL with acetonitrile-water (1:1)
Oasis MAX (150 mg)
——wash with 5 mL of acetonitrile
——wash with 5 mL of 28 v/iv% ammonia water-water (5:23)
——apply 3 mL of 28 v/v% ammonia water-water (5:23) and 2 mL of sample solution

——wash with 5 mL of acetonitrile

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

—— eluate with 2 mL of formic acid-acetonitrile (1:24)
—— membrane filter (0.45 pm)

LC-MSMS

Scheme 1  Analytical procedure for cyanuric acid in feed
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Fig. 2 Internal standard calibration curves of cyanuric acid by peak area
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Fig. 3-1 Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. 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 (B: formula feed for layer, C: formula feed for pork pig,
D: formulafeed for oncorhynchus rhodurus)
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Fig. 3-2  SRM chromatograms of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times
of cyanuric acid.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~F: Blank sample solutions (B: soybean meal, C: fish meal, D: squid meal, E: shrimp
meal, F: powdered skim milk)
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Table 4  Recoveries for cyanuric acid

_ Formula feed for layers Formula feed for oncorhynchus rhodurus
Srz;i;llgel Recovery? RSD,”  Recovery of cyanuric  Recovery? RSD,”  Recovery of cyanuric
(%) (%) acid-C32(%) (%) (%) acid-C3(%)
0.5 0.3 4.6 74.0 79.0 54 73.0
25 95.8 0.9 60.3 95.6 31 65.3
ed level Soybean meal Fish meal
Sp(lm g/kg;le Recovery? RSD,”  Recovery of cyanuric  Recovery? RSD,”  Recovery of cyanuric
(%) (%) acid-Ca3(%) (%) (%) acid-*C(%)
0.5 103 7.6 75.1 111 14 64.3
25 94.8 36 63.8 97.7 17 65.3
e level Powdered skim milk
iked leve .
3[2 molka) Recoverya) RSD,”  Recovery of cyanuric
(%) (%) acid-Ca2(%)
05 81.0 31 30.9
25 108 16 22.8
a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 4 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (50 ng/mL: 0.25 ng as cyanuric acid)

B: Sample solution of fish meal (spiked at 2.5 mg/kg of cyanuric acid (as 50 ng/mL in sample solution)
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T VIR R AN ERME A R U2 #iFE 2.5~200 ng/mL @ FuRAFUT & A HRE GREMR T 0.5
mg/kg FHY & RA&BURHE IR 10 ng/mL /B4 &) ) ORMNEIGREBRORER, Hohi-v—72
DSNHN 10U ETH o727, 7 XD EE FIROEEIZFES T05mgkg & L7-.
RIEOHH TIRZMRT 2720, BIMEIGRBRICEIVGEONTZE—27 D SN A 3 & 2RIE
RO, EORE, B TFRITFEEF T 0.15mgkg TH - 7.
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708, Table 4 IZ/R L7 BV, HULEE FIREEIZIS T 2 EMNENLGR SRR S 3B 0 3L % Br
WTRIFTH- 7.

4 FE®H
BB R T 5 2 7 XVIRIT DWW, FDA {EZ KT, LC-MSIMS % HIV 72 i & 15 O fal k3 A

FHHEA~DOHPDOAFIZONTIRFT LIz & 25, UT@F%w%%ﬂt

1) MERIT 2.5~200ng/mL (FEAE & LT 0.0125~1 ng tH4 &) O#PH CEMRMEEZ R LT,

I, LR ORI, /TXw&%ou&mmM@aﬁﬁ% PAT R EEN & AR
TEVGREL U 7= B BBHATR P D o 7 XV BRI EE G IC AR 5 .

2) %mméEHZ&w(7n47~%§%%%&0&%ﬁﬁ%),%ﬁ%éﬁﬂz@%(%%ﬁ
BRAKRORKIEER) , BAHESEE 2 RE (bOERHALCSE ZEKRM) , REW»d 2
Bk, AR 2iE, A0 I —L2HE, =3I —L 2RBEROBIERIL 2 BikIcoWnT, Kk
e f?%%z%w‘:& v N7 LEHERLIEEZA, &2TUT XV LR URFFRFMICE— 27 2358

D LAV, 4ﬁ/&% A A DRDIERER L A% CTh T 2 L, ﬁ?A&wysyly
b%#%%ﬁbf%m ICREREBVDRRBD NPT LD, HEE =713 T VIR
ThoEHW LIz, £7, %@ﬁﬁ’”“a%fﬂﬁf%)t~ (B ONSY (WA /ALY

3) ELAfkt (MEBEEHEOH E ZEHRNRH) | k¢ﬁ#¢ R OBIEm LI > T XVl L
T 05 K25 mg/kg FIYSEAZ R L, AREICHE-S T 5 ST &2 EhE L, [EUER & OWK L
WELZRDIZE 2 A, BIEHALUIADOREHZ DWW TIE, ZYMHRIETA R4 VIZED b
HEROUHMTREO BEMELZ M- RRERN G ONT. BERALIZO WL, fHMTHEEDH
B A2 SRV RE 2D, 7 XVB-C; OENELIENERTH 722 LD, Sk
DERDLMFTNMLETHDLEEL LN,

4 KiEO VT XVEROTEE FIRIT 0.5 mg/kg, i FHRIZ 0.15 mg/kg TéHh - 7=.
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