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Validation Study on Monensin Sodium Determination Method for Formula Feed
for Cattle Containing Hay and Straw Cube

SAKAIDA Satoko®, NOMURA Masayo* and HASHIMOTO Yoshiyasu®

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

We have made a validation study to determine monensin sodium (MN) in formula feed for cattle,
containing hay and straw cubes, using the plate and liquid-chromatograph (LC). These methods
have been listed in the Feed Analysis Standard of Japan.

In the plate method, MN was quantified as following: MN in formula feed was extracted with
methanol-water (9:1), and the solution was filtered. The filtrate was purified with basic alumina.
Then MN concentration was determined by the 2-2 dose method using Bacillus spizizenii ATCC
6633 in F-22 medium.

In the LC method, MN was extracted with methanol-water (9:1), and the solution was filtered. The
filtrate was injected into a post-column derivatization LC equipped with a UV-Vis detector (520 nm)
to determine the concentration of MN. LC separation was then carried out on ODS column
(Mightysil RP-18 GP, 4.6 mm i.d. x 150 mm, 5 pm, Kanto Chemical Co., Inc.; Tokyo, Japan) with
methanol-water-acetic acid (94:6:0.1) as a mobile phase, and MN was derivatized by post-column
reaction with methanol-sulfuric acid-vanillin (95:2:3, v/v/w).

Recovery tests were conducted using four types of formula feed for cattle, containing hay and straw
cubes. Those materials were added with MN according to the following specifications: 15, 22.5,
30 and 45 g(potency)/t for the plate method; 15, 30 and 45 g(potency)/t for the LC method. The
resulting mean recoveries ranged as following: 102 % to 118 % for the plate method; 98.6 % to
106 % for the LC method. The repeatability in the form of the relative standard deviation (RSD;)
was as following; less than 4.5 % for the plate method; less than 3.0 % for the LC method. In the
plate method, if the sample collection amount was larger than normal, some samples showed the
sign that they were not adequately stirred with the extraction solvent.

Key words: monensin sodium; antibiotic; plate method; liquid-chromatography (LC); formula feed
for cattle; hay cube; straw cube
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Monensin A

(2S,3R,4S5)-4-[(2S,5R,7S,8R,9S5)-2-[(2R,5S)-5-ethyl-5-[(2R,3S,5R)- 5-[(2S,3S,5R,6R)-6-hydroxy-6-
(hydroxymethyl)-3,5-dimethyloxan2-yl]-3-methyloxolan-2-ylJoxolan-2-yl]-7-hydroxy-2,8-dimethyl-1,10-
dioxaspiro[4.5]decan-9-yl]-3-methoxy-2-methylpentanoic acid

C36H62011  MW: 670.87 CAS No.: 17090-79-8 (monensin A), 22373-78-0 (monensin Na)

Fig. 1 Chemical structure of MN-A
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Table 1 Compositions of the formula feed

Formula feed Ingredient types Proportion Ingredients?
types (%)
For cattle 1 Grains 54  Barley (flake), corn (flake), corn, toasted soybean flour
Brans 27 Wheat bran, hominy feed, corn gluten feed
(Wheat straw Oil seed meal 4 Soybean meal
cube: 12 %) Others 15  Wheat straw (cube), bagasse (chip), alfalfa (pellet),calcium carbonate, salt,
feed additives
For cattle 2 Grains 36  Corn (flake), corn, off-grade wheat flour, barley, wheat
(Mixed cube Oil seed meal 16  Soybean meal, non-enzymatically soybean meal, rapaseed meal
(timothy hay and  Brans 13 Corn gluten feed, wheat bran
alfalfa hay): 18 Others 35  Timothy hay and alfalfa hay (mixed cube), bagasse (chip), beet pulp,
%) corn cob (pellet), molasses, calcium carbonate, salt, feed additives
For cattle 3 Grains 47  Corn, barley, off-glade wheat flour
Oil seed meal 20  Soybean meal, rapaseed meal, corn gluten meal
(Alfalfa hay Brans 19  Wheat bran, soybean hulls
cube: 4 %) Others 14  Beat pulp, alfalfa hay (cube), molasses, calcium carbonate, salt,
feed additives
For cattle 4 Grains 37  Corn (flake), corn, barley (flake)
Brans 21 Wheat bran, corn gluten feed, mixed barley bran
(Alfalfa hay Oil seed meal 8 Soybean meal, rapaseed meal, non-enzymatically soybean meal,
cube: 14 %) Others 34 Alfalfa hay (cube), beet pulp, alfalfa (pellet), pineapple bagasse,

calcium carbonate, molasses, salt, alfalfa concentrate, feed additives

a) Coarse crushed raw materials and heat-processed raw materials are indicated in brackets after their

names.
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Sample 20.0~6.67 g (MN 0.3 mg(potency), 100 mL Erlenmeyer flask)
——added 50 mL of methanol-water (9:1)
——stirred for 20 min
——filtered through a filter paper (No. 5A of JIS P3801)
Column chromatography (packed 12 g of basic alumina to column)
——applied the extract
——discarded 5 mL of the first eluate
——collected the next eluate
Dilution
——diluted the eluate to 2 and 0.5 pg(potency)/mL sample solution with water and methanol-water (3:7)
——diluted the standard solution to 2 and 0.5 pg(potency)/mL standard solution with methanol-water (3:7)
r plate (by the cylinder-plate method)
——prepared by adding Bacillus spizizenii ATCC 6633 to the agar medium F-22
—filled up 250 pL of each solution into each cylinder
Incubation
——kept the agar plate at 9~11 °C for 2 hours
——incubated at 35~37 °C for 16~24 hours
Measurement
|—measured diameter of each inhibition zone by zone analyzer
Calculation (by the 2-2 dose method)

Ag

QO

Scheme 1 Analytical procedure for MN in formula feed (Plate method)
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Table 2  Operating conditions of LC

Detector UV detector (wavelength: 520 nm)

Column Mightysil RP-18GP (4.6 mm i.d. x 150 mm, 5 pm), Kanto Chemical
Mobile phase Methanol-water-acetic acid (94:6:0.1)

Reaction solution Methanol-sulfuric acid-vanillin (95:2:3, viviw)

Flow rate Mobile phase 0.6 mL/min, Reaction solution 0.6 mL/min
Temperature Column 40 °C, Reactor 95 °C

Reaction coil 0.5mmid x5m

Sample 10.0 g (200 mL Erlenmeyer flask)

——added 100 mL of methanol-water (9:1)

——stirred for 20 min

——filtered through a filter paper (No. 5A of JIS P 3801)
—filtered through a membrane filter (0.45 pm)

LC

Scheme 2 Analytical procedure for MN in formula feed (LC method)
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Table 3  Recoveries for MN (plate method)

] Amount of For cattle 1 For cattle 2 For cattle 3 For cattle 4
(sggf:nfxtl) sample  Recovery’ RSD,”  Recovery’” RSD”  Recovery’ RSD”  Recovery’ RSD;
@ (%) (%) (%) (%) (%) (%) (%) (%)
15 20.0 Not extractable 102 29 114 31 118 2.1
225 13.3 109 3.0 109 11 108 24 103 24
30 10.0 107 1.7 104 4.5 107 1.8 108 3.7
45 6.67 104 29 105 11 107 1.9 104 0.7

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

32 tkrm~ N7 T 7k
23412 K0 IINENNGRER 2 Fef L7z, £ DORERIT Table 4 D & B0, SFHEILERIT 98.6~106 %,
RSD: /& 3.0 %Ll T OGRS av, Sl oA R AEERIAK 2 ORBRIE DY MR T A KT 14 (L
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1) EE :90 %Lk 110 %LU
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11 %LL T
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Table 4  Recoveries for MN (LC method)

. For cattle 1 For cattle 2 For cattle 3 For cattle 4
Spiked level ) b) ) b) ) b) ) b)
(9(potency)/t) Recovery”  RSD; Recovery”  RSD; Recovery?  RSD;, Recovery”?  RSD;,
(%) (%) (%) (%) (%) (%) (%) (%)
15 103 3.0 106 2.1 105 0.8 98.6 2.1
30 102 2.0 101 1.0 103 0.7 99.1 21
45 105 1.2 106 2.0 103 2.0 102 14

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 2  Typical chromatograms of MN-A derivative in standard and sample solution
(LC operating conditions are shown in Table 2. Arrows indicate the retention times of MN-A
derivative.)
A: Standard solution (5 pg(potency)/mL of MN: 0.1 pg(potency) as injection amount)
B: Sample solution of formula feeds for cattle 2 (spiked at 45 g(potency)/t of MN: 0.09

ug(potency) as injection amount)
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