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Monensin in Pre mix and An i mal Feeds

Liq uid Chro mato graphic Method
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(Applicable for de ter mi na tion of monensin activity in range of
5–200 000 mg/kg in all types of pre mixes and an i mal feeds.)

See Ta ble 997.04 for the re sults of the interlaboratory study
sup port ing ac cep tance of the method.

A. Prin ci ple

Monensin is ex tracted from pre mixes and feeds with
methanol–water (90 + 10,  v/v) and isola ted by  l iq uid
chro ma tog ra phy with post-column derivatization. Acid-reaction
prod uct of monensin with vanillin is mea sured by vari able
wave length de tec tor at 520 nm. There is no in ter fer ence from
narasin, salinomycin, and lasalocid.

B. Ap pa ra tus

(a) Liq uid chromatograph.—With re corder or in te gra tor
(man ual or com puter), pulse-dampened LC pump [for LC mo bile
phase, C(g)] and re agent pump [for vanillin re agent, C(h)] both
op er at ing at 0.7 mL/min; vari able wave length absorbance de tec tor
op er at ing at 520 nm with rise time of 1.0 and range of 0.2 (or as
needed); 90° Tee po si tioned in such way so in let flows di rectly

op pose one an other; and stain less steel coil (6.1 m ´ 0.51 mm id)
en closed in 98.0°C heater. (Com pa ra ble com po nents may be
sub sti tuted. Pa ram e ters may be mod i fied to com pen sate for daily
vari a tions in in stru ment per for mance.)

Op er ating con di tions: in jec tion vol ume, 200 mL; col umn
tem per a ture, am bi ent; re ac tion coil tem per a ture, 98°C; flow rate
(both pumps), 0.7 mL/min. Ap prox i mate re ten tion times: monensin
A, 640 s; monensin B, 560 s; (see Fig ure 997.04A for chromatogram
of typ i cal sys tem suit abil ity test, Fig ure 997.04B for chromatogram of 
rumensin med i cated ar ti cle, and Fig ure 997.04C for chromatogram of 
monensin med i cated feed.)

(Note: When not us ing sys tem for 2–3 days, or at reg u lar in ter vals
dur ing use pe ri ods, flush sys tem with meth a nol to pro long life of
com po nents.)

(b) LC col umn.—250 ´ 4.6 mm id (Whatman Partisil 5 ODS-3,
or equiv a lent). C18 guard col umn may be used to ex tend life of
an a lyt i cal col umn.

(c) LC vi als.

(d) Me chan i cal shaker.—Wrist ac tion shaker, or equiv a lent.

(e) Fil ter.—0.2–0.5 mm po ros ity; Tef lon or chem i cal re sis tant.

(f) Con tainers.—500–1000 mL, glass or poly propy lene.

(g) Vol u met ric flasks.—100 and 200 mL.

(h) Mag netic stir rer.

(i) Tef lon-coated stir bars.

(j) Bal ances.—(1) Top load ing and (2) an a lyt i cal.

C. Re agents

(a) Sol vent.—Meth a nol, LC grade.

(b) Pu rified water.—e.g., LC grade.

(c) Sul fu ric acid.—An a lyt i cal grade.

(d) Gla cial ace tic acid.—ACS grade.

(e) Vanillin.—99% pu rity.

(f) Neu tral ized meth a nol.—Add 1 g NaHCO3 to 4 L meth a nol.

Mix well and, if needed, fil ter through 11 mm pore size fil ter pa per.

(g) LC mo bile phase.—Methanol–H2O–glacial ace tic acid
so lu tion (94 + 6 + 0.1, v/v/v). De gas with He prior to use.

(h) Vanillin re agent.—Meth a nol–sul fu ric acid–vanillin so lu tion
(95 + 2 + 3, v/v/w). While stir ring gently, add slowly and care fully
20 mL con cen trated H2SO4 to 950 mL meth a nol, C(a). (Cau tion:
Avoid splat ter ing when add ing H2SO4 to meth a nol, us ing pipet or
other suit able equip ment. Do not add H2SO4 to meth a nol by pour ing
from beaker or grad u ated cyl in der.) Let meth a nol–H2SO4 so lu tion
cool to room tem per a ture. Add 30.0 g vanillin while stir ring gently.
Vanillin re agent is sta ble up to 4 weeks at room tem per a ture in dark
am ber or foil-covered con tainer.

(i) Ex trac tion so lu tion.—Methanol–H2O so lu tion (90 + 10, v/v).

(j) Monensin stan dard so lu tions.—(1) Monensin stan dard stock
so lu tion.—1 mg/mL. Ac cu rately weigh 100 mg monensin ref er ence
stan dard (avail able from Eli Lilly and Co., Lilly Cor po rate Cen ter,
In di a nap o lis, IN 46285, USA) into 100 mL vol u met ric flask and
di lute to vol ume with meth a nol, C(a). (2) Monensin work ing stan dard 
so lu tions.—(i) For ra tions with the o ret i cal monensin con cen tra tions
>40 ppm. Quan ti ta tively di lute monensin stan dard stock so lu tion with 
ex trac tion so lu tion to ob tain monensin con cen tra tions of 5.0, 10.0,

20.0, and 40.0 mg/mL. (ii) For ra tions with the o ret i cal monensin
con cen tra tions <40 ppm. Quan ti ta tively di lute monensin stan dard
stock so lu tion with ex trac tion so lu tion to ob tain monensin

con cen tra tions of 0.25, 1.25, 2.5, 3.75, and 5.0 mg/mL.
Monensin stan dard so lu tions are sta ble up to 4 weeks in

re frig er a tor or at room tem per a ture pro tected from di rect sun light.

(k) Res o lu tion so lu tion.—Con taining 5–40 mg monensin/mL

and 5–40 mg narasin/mL. Pre pare res o lu tion so lu tion as fol lows:
Ac cu rately weigh ca 100 mg monensin so dium ref er ence stan dard
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Ta ble 997.04. Interlaboratory study results for de ter mi na tion of monensin in pre mixes and an i mal feed by liq uid chro ma tog ra phy
with post-column derivatization

Sam ple Mean activity Monensin activity sr sR RSDr, % RSDR, % r R

Coban pre mix  130.2 mg/g  132 mg/g 3.6 2.8 10     

Rumensin pre mix  190.3 mg/g  176 mg/g 6.5 3.4 18     

Poul try feed 32.4 g/t (35.6 mg/g) 30 g/t (33 mg/g) 3.8 3.8 12     12     11     11     

Poul try feed 114.8 g/t (126.3 mg/g) 100 g/t (110 mg/g) 7.0 11    6.1 9.8 20     31     

Cat tle feed 1  8.6 g/t (9.5 mg/g)  7 g/t (7.1 mg/g) 0.9 1.2 11     14     2.6 3.2

Cat tle feed 2  9.0 g/t (9.9 mg/g)  7 g/t (7.1 mg/g) 1.4 1.4 15     15     3.8 3.8

Cat tle feed 2 32.4 g/t (35.6 mg/g) 30 g/t (33 mg/g) 2.6 2.8 7.9 8.6 7.1 7.8

Liq uid feed sup ple ment 25.3 g/t (27.8 mg/g) 25 g/t (27.5 mg/g) 5.3 6.4 21     25     15     18     

2006 AOAC INTERNATIONAL



ã 2005 AOAC IN TER NA TIONAL

Fig ure 997.04A. Chromatogram of typ i cal sys tem suit abil ity test (monensin and narasin).

Fig ure 997.04B. Chromatogram of Rumensin 80 type A med i cated ar ti cle.
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and 300 mg narasin ref er ence stan dard (avail able from Eli Lilly and
Co.) into 100 mL vol u met ric flask. Di lute to vol ume with neu tral ized
meth a nol, C(f). Mix well. Pipet 2 mL into 200 mL vol u met ric flask
and di lute to vol ume with ex trac tion so lu tion, C(i). Mix well.
Res o lu tion so lu tion is sta ble up to 2 weeks in re frig er a tor or at room
tem per a ture pro tected from di rect sun light.

D. Prep a ra tion of Test So lu tion

(a) Pre mix.—Ac cu rately weigh ca 5 g ground test portion into
500 mL jar or other suit able con tainer. Add 200 ± 2 mL ex trac tion
so lu tion, C(i), cap, and mix thor oughly 1 h on me chan i cal shaker.
Let sol ids set tle. Based on the o ret i cal monensin con cen tra tion,
di lute so lu tion to ob tain fi nal monensin con cen tra tion within
stan dard curve lev els. Fil ter aliquot of ex tract and pro ceed to LC
de ter mi na tion, F.

(b) Feed in clud ing min eral mixes.—Ac cu rately weigh ca 50 g
ground test por tion into 500 mL jar or other suit able con tainer.
Pro ceed as in (a) start ing with “Add 200 ± 2 mL ex trac tion

so lu tion¼”.

(c) Liq uid feed sup ple ments.—(Note: Set tling of in sol u ble
mat ter in for ti fied liq uid feed sup ple ments pres ents sam pling
prob lem. En sure ad e quate mix ing of liq uid feed sup ple ments prior
to sam pling.)

Thor oughly mix lab o ra tory sam ples by ag i ta tion with gyratory
shaker, pro pel ler mixer, mag netic stir bar, or equiv a lent ap pa ra tus
de pend ing on vis cos ity. While con tin u ing to mix, rap idly (to pre vent
set tling), trans fer ca 40 g to weighed 200 mL vol u met ric flask and
reweigh. Add 100–150 mL ex trac tion so lu tion, C(i), cap, and mix
thor oughly. Di lute to vol ume with ex trac tion so lu tion, and let set tle.
Di lute aliquot of ex tract with ex trac tion so lu tion to ob tain fi nal

monensin con cen tra tion of ca 20 mg/mL. Fil ter aliquot of di luted

ex tract through 0.2–0.5 mm fil ter, B(e), and pro ceed to LC
De ter mi na tion, F.

E. Sys tem Suit abil ity

(a) Res o lu tion.—In ject res o lu tion so lu tion, C(k), onto LC
col umn. Cal cu late res o lu tion fac tor, Rs, for each pair of ad ja cent
peaks as fol lows (see Fig ure 997.04A):

Rs = 
t t

tw tw
2 1

1 2 0 5

-

+ ´( ) .

where t1, t2,¼, tn = re ten tion vol ume of peak max i mum, cm; tw1,

tw2¼, twn = tri an gu lated peak width at base line, cm.
Ex am ple: t1 = 10.65 cm; t2 = 11.85 cm; t3 = 15.55 cm; tw1 =

0.85 cm; tw2 = 0.95 cm; tw3 = 1.00 cm.

Monensin B – monensin A, Rs = 
1185 10 65

0 85 0 95 0 5

. .

( . . ) .

-

+ ´

= 1.33 (must be ³1.25)

Monensin A – narasin A, Rs = 
15 55 1185

0 95 100 0 5

. .

( . . ) .

-

+ ´

= 3.79 (must be ³3.50)

If res o lu tion does not meet re quire ments spec i fied, ad just LC
con di tions to im prove res o lu tion and re-inject res o lu tion so lu tion
onto LC sys tem.

(b) Tailing fac tor.—Tailing fac tor, Tf, for monensin fac tor A of
ref er ence stan dards must be <1.4. Cal cu late Tf as fol lows:
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Fig ure 997.04C. Chromatogram of monensin type C med i cated feed.

2006 AOAC INTERNATIONAL



Tf = 
10% width

(retention time time of front 10% point)- ´2

where re ten tion time = time of the max i mum of the fit ted Gaussi an
curve; 10% width = (time of back 10% point – time of front 10%
point). A 10% point is where the re sponse of a side of the peak
reaches a height equal to 10% of the peak max i mum.

If any of the above pa ram e ters do not meet sys tem suit abil ity,
ad just mo bile phase. Af ter ad just ment, pa ram e ters must meet
sys tem suit abil ity prior to anal y sis.

(c) Lin ear ity of stan dard curve.—The stan dard curve should be
lin ear and the 95% confidence interval of the y-intercept must
include zero.

(d) Limit of quantitation is ca 1 mg/kg. Fac tors B be comes
un mea sur able as monensin lev els de crease be low 15 mg/kg.

F.  LC De ter mi na tion

(Note: The most crit i cal pa ram e ters in LC sys tem are water
con tent, re ac tor tem per a ture, H2SO4–vanillin con cen tra tions, and
flow rates.)

Be fore an a lyz ing test so lu tions, en sure that LC sys tem meets
sys tem suit abil ity pa ram e ters by in ject ing res o lu tion so lu tion, C(k).

Then in ject 200 mL stan dard so lu tions fol lowed by test so lu tions.

Mea sure peak area re sponse, PR, at re ten tion vol ume of monensin 
fac tor A and monensin fac tor B for each test.

G. Cal cu la tions

Using mea sured re sponses, con struct lin ear re gres sion plot of
stan dard curve of monensin fac tor A to de ter mine con cen tra tion of
monensin fac tors A and B in each test. De ter mine biopotency for
each fac tor as fol lows:

Biopotency =

mg activity/mL (from stan dard curve) ´ 
V

Ws

 ´ BCF ´ f

where V = ex trac tion vol ume, mL (e.g., 200 mL); Ws = weight of test
por tion, g; f = di lu tion fac tor; BCF = biopotency con ver sion fac tor
[BCF (Fac tor A) = 1.000; BCF (Fac tor B) = 0.280].

Sum in di vid ual biopotency val ues for monensin A and
monensin B to ob tain to tal biopotency for monensin. (Note: Re fer to
the Ref er ence Stan dard Pro file [avail able from Eli Lilly and Co.] for
per cent Fac tor A con tent of the cur rent Ref er ence Stan dard.)

Ref er ences: J. AOAC Int. 80, 693(1997); 81, 1096(1998).

Re vised: March 2002
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