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Development of 3-Nitrooxypropanol Determination Method in Formula Feed for Cattle by LC
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We have developed a quantitative determination method for 3-nitrooxypropanol (3-NOP)

concentration in formula feed for cattle using a liquid chromatograph with an ultraviolet detector
(LC-UV).

3-NOP in a sample was extracted with acetonitrile-water-formic acid (180:20:1), and the extracted
solution was centrifuged. The supernatant was injected into an LC with a UV detector at 210 nm
to determine the 3-NOP concentration. LC separation was then carried out on an ODS column
(InertSustain C18, 3 mm i.d. x 150 mm, 3 pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of
0.1 % (v/v) methanesulfonic acid aqueous solution and 0.1 % (v/v) methanesulfonic acid methanol
solution as a mobile phase.

Recovery tests were conducted using three types of formula feed for cattle. Those materials were
added with 75, 150 and 300 mg/kg of 3-NOP. The resulting mean recoveries ranged from 100 %
to 105 %, and the repeatability in the form of the relative standard deviation (RSD.) was less than
1.2 %.

Key words: 3-nitrooxypropanol; feed additives; liquid chromatograph with ultraviolet detector (LC-
UV); formula feed for cattle
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Fig. 1 Chemical structure of 3-nitrooxypropanol (3-NOP)
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Table 1  Compositions of the formula feed
Formula feed types Ingredient types PI’O(F())ZI’)'{IOH Ingredients
For suckling calves 1 Grains 60 Corn, wheat, roasted soybean flour
Oil seed meal 35 Soyhbean meal
Others 5 Molasses, calcium carbonate, salt,
medium-chain fatty acid calcium, licorice extract,
stevia, calcium phosphate, feed additives
For suckling calves 2 Grains 68 Corn, heat-treated corn, wheat, roasted soybean flour
Oil seed meal 28 Soybean meal
Others 4 Molasses, calcium carbonate, salt, calcium phosphate,
medium-chain fatty acid calcium, licorice extract,
stevia, feed additives
For dairy cattle and Grains 57 Corn, heat-treated corn, heat-treated soybean
young cattle Oil seed meal 26 Rapeseed meal, soybean meal
Brans 16 Corn gluten feed
Others 1 Calcium carbonate, molasses, salt, feed additives
For young beef cattle  Grains 75 Heat-treated corn, corn, heat-treated barley, barley
and beef cattle 1 Brans 24 Hominy feed, bran, corn gluten feed, barley bran
Others 1 Calcium carbonate, salt
For young beef cattle  Grains 48 Corn, wheat
and beef cattle 2 Brans 30 Wheat bran, corn gluten feed
Oil seed meal 19 Soybean meal, rapeseed meal,
sweetened heat-treated soybean meal
Others 3 Calcium carbonate, molasses, salt,
Saccharomyces cerevisiae , feed additives
For beef cattle 1 Grains 65 Heat-treated barley, heat-treated corn, corn
Brans 22 Wheat bran, barley bran, corn gluten feed
Oil seed meal 11 Rapeseed meal, soybean meal
Others 2 Molasses, calcium carbonate, salt,
soybean curd residue, lactobacillus, bacillus,
yeast, feed additives
For beef cattle 2 Grains 56 Heat-treated corn, corn, heat-treated barley, barley
Brans 32 Wheat bran, rice bran, soybean hulls, hominy feed
Oil seed meal 10 Soybean meal, rapeseed meal
Others 2 Molasses, calcium carbonate, lactobacillus,

butyrate-producing bacteria, glycating bacteria,
natural aluminum silicate,
Saccharomyces cerevisiae , feed additives
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Table 2  Operating conditions of LC

Detector UV detector (Wavelength: 210 nm)
Column InertSustain C18 (3 mm i.d. x 150 mm, 3 pm), GL Sciences
Mobile phase 0.1 % (v/v) methanesulfonic acid aqueous solution — 0.1 % (v/v) methanesulfonic acid

methanol solution (23:2) (hold for 9 min) — 0.1 min — (1:4) (hold for 6 min)
— 0.1 min — (23:2) (hold for 5 min)

Flow rate 0.4 mL/min

Column temperature 40 °C
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Sample 10 g (300 mL Erlenmeyer flask )
——added 100 mL of acetonitrile-water-formic acid (180:20:1)
——stirred for 30 min

— centrifuged for 3 min at 16200xg
LC

Scheme 1 Analytical procedure for 3-NOP (this method)

Sample 10 g (100 mL volumetric flask)
——added 30 mL of acetonitrile-water-formic acid (180:20:1)
——treated by ultrasonic for 30 min (Heat treated at 55 °C)

——centrifuged for 3 min at 16200xg
LC

Scheme 2  Analytical procedure for 3-NOP (DSM method)
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Fig. 2  Calibration curves of 3-NOP by peak area (left) and peak height (right)
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Table 3  Comparison of recovery between this method and DSM method
Recovery (%)

Extraction method This method DSM method
Formula feed types Stirring extraction Ultrasonic extraction
For suckling calves 104 95.4
For young beef cattle and beef cattle 1 94.3 86.1
For young beef cattle and beef cattle 2 106 104
For beef cattle 1 97.1 87.8
For beef cattle 2 101 92.5
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Fig. 3  Typical chromatograms of 3-NOP in standard and blank sample solutions
(Arrows indicate the retention time of 3-NOP.)
A: Standard solution (2 ug/mL: 10 ng as 3-NOP)
B~D: Blank sample solution (B: formula feed for suckling calves 2, C: formula feed for dairy
cattle and beef cattle 2, D: formula feed for young beef cattle and beef cattle 2)
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O 30ug/mL) Z&HT 2308 3 B (AW H4FAH 2, AHFEERN - E54F ALY
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FIXHEAERR 2 (RSDy) & LT 1.2 %A FOMREN GO, ZUHEHERTA KT A4 U ZED DL
A (EE : 90 %Ll E 110 %LA F, K : 75 mg/kg TiX 8.3 %LL T, 150 mg/kg TIX7.5%LLTF,
300 mg/kg TIL 6.7 %L F) Zllil-THRThH-o7o. o, Fohicrua~ 7T 50— fF% Fig.
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Table 4 Recoveries for 3-NOP

. For dairy cattle and For young beef cattle
For suckling calves 2
Spiked level young beef cattle and beef cattle 2
(mg/kg)  Recovery? RSD Recovery? RSD,” Recovery?  RSD,”
(%) (%) (%) (%) (%) (%)
75 102 0.7 103 1.0 103 0.8
150 100 0.4 105 0.7 102 0.2
300 101 12 104 0.3 101 0.3

a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 4  Typical chromatograms of 3-NOP in standard and spiked sample solutions
(Arrows indicate the retention time of 3-NOP.)
A: Standard solution (20 pg/mL of 3-NOP (100 ng as injection amount))
B~D: Spiked sample solution (B: formula feed for suckling calves 2, C: formula feed for
dairy cattle and young beef cattle, D: formula feed for young beef cattle and beef cattle 2,
each spiked at 150 mg/kg of 3-NOP (75 ng as injection amount))
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