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DETERMINATION OF MONENSIN IN 
FERMENTATION BROTH BY HPLC WITH 

POST-COLU MN DER IVATlZATlON 

FRANK L. NEELY 
L i u y R e s e o r c h ~ r a t o k  

A Division of Eli Lilly and Co. 
LiUy Corporate Center 

I-k, Indiana 46285 

AEsrwcT 
A rapid method was devebped for the determination of monensin in fermentabn broth. A post- 
column reactbn was optimized to enhance the sensitivity and selectivity of the analysis. The 
method was shown to be reproducible and sufficiently rugged for the analysis of a complex 
matrix. 

I- 
Monensin is a polyether antibiotic produced by Slrep~myces cinnamonens/sl used 

primarily for growth promotion in cattle and to combat caccidiosls in poultry. Monensin A and 

monensin 6, shown in su re  1, are the two major factors produced in fermentation broths. 

The focus of this work was to develop a rapld screening assay hich cwld resolve the two 

monensin factors in fermentation broth. Several techniques, including microbiological2 3 ,  

thin-layer chroma tog rap hi^^-^, and high performance liquid chromatographic assays7-l O ,  

have been described in the lierature for the determination of monensin. Mkrobiological assays 

have long been used in the screening of antibiotics. but lack the desired factor Specifcity for 

this application. The chromatographic procedures that have been described for feeds use 

refractive index detection or require pre-column derivatization to facilltate detection. 
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monendn A R- CHzCH3 

monensln B R- CHI 

Figure 1. Molecular structure of monensin A and B. 

Refraciive index detection is not sufficiently selective for the analysis of fermentation broth and 

pre-column derivatization is not amenable to high sample throughput. Based on previous work 

narasirt , also a polyether antibiotic, an HPLC assay with post-column reaction detection has 

been developed to enhance selecttvlty and therefore minimize analysis time. The post-column 

reaction is based on the Komarowskl reaction1 2, a reaction of secondary alcohols with 

benzaleehydes to produce a red colored product. A chromatographic method is described and 

characterized. 

EXPERIMENTAL 

Chemicals All solvents, unless othemise described, were of HPLC grade. Monobasic ammonium 

phosphate and vanillin were of reagent grade. Monensin standard (95.3% monensln A. 3.9% 

monensin 8) was obtained from Lilly Research Laboratories (Indianapolis, IN). 

lnstrurnental The HPLC apparatus was composed of the following components: a BbRad AS100 

autosampler, two Beckman 1108 HPLC pumps, an Applied Blosystems 757 detector, and a 

FlAtron FH40 reactor coupled to an FH50 controller. The post column reactor consisted of 10 

feet of 0.010" dlameter stainless steel tubing wrapped tightly around the heater core. A Regis 

Little Champ column with a Cl 8 packing was used. 

Sample Pfepfarlon Samples were prepared by adding a 45 mL portion of methanol to 5 mL of 

fermentation broth. The suspension was homogenized with a mechanical grinder and allowed to 
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MONENSIN IN FERMENTATION BROTH ISIS 

Settle for an hour at 5%. If particulate was still present after this period of time, the 

supematent was filtered to 0.45 urn with a syringe filter (Acrodisk, Gelman Associates). If 

necessary, the solutlon was diluted with methanol to lower the concenlratbn of monensin within 

the linear range of the assay. Standards were prepared by dissolving the appropriate weight of 

sodium monensin in methanol to give a 1 .O mg/rnL standard. 

Chmmetogrephic Condi#ons Mobile phase consisted of 85% methand and 15% buffer. The 

buffer was prepared by dissolving 1 .O g monobasic ammonium phosphate in water and adjusting 

the pH of the solutbn to a value of 3.0 wrth phosphoric ackt. The post column reagent solution 

was composed of 3% vanillin and 3% concentrated sulfuric acid in methanol. The vanillin was 

dissolved first and the solution chilled prior to the addition of the sulfuric acid. The addition of 

sulfuric add generates considerable heat and, il added too quldtly, results in significant 

cobration of the reagent. Once prepared, the solution is stable for at least two weeks if 

maintained at 0%. The tbwrate of each soiutlons was 1.5 mUmin. The injection volume was 

10 pL and the detector wavelength set at 520 nm. The post column reactor was held at 120%. 

RESULTSAND DISCUSSION 

Prior to optimizing the reaction conditbns, the methano1:buffer ratio was varied over the 

the domain 4:l to 19:l to achieve baseline resolution of monensin factors A and B in minimum 

time. The value of log (k’) varied linearly with percent methanol in the mobile phase, 

Indicating a reversed phase chromatograph mechanism k r  both spedes. The slops of the 

resultant plots were -0.062 and -0.052 for monensin A and B, respecthrely. The ratb of 

5.67:l of methanolBroth gave a resolutbn of 1.5 and was used as the mobile phase throughout 

the optimizatbn. 

The pH value of the mobile phase buffer was varied over the domain 2.0 to 6.0 with integer 

increments. Interestingiy, no trend was observed of retention, peak shape, or sensitivity with 

pH value. The choice of pH 3.0 as the final buffer pH was essentially arbitrary, although acidic 

conditbns are desireMe for column longevlty. 

Optlmbatlon of the post column reactbn conditkns was Initially conducted under fbw 

lnjectbn analysis condltbns wlth the sample injected directly into the reagent stream. Duke1 

has pmposed that the first step of the reactbn of semdafy akohols wlth benreldehydes in 

addic media is the dehydration of the alcohol to form a carbonium bn intermediate. Not 
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Figure 2. Effect of water in diluent on reaction of monensin with vanillin in FIA mode. 

surprisingly, we found that the presence of water in the sample diluent had a pronounced effect 

on the magnitude of the detector response when the reaction was conducted at 80%. As shown in 

figure 2 the intensity of the response decreased with increasing water concentration, indicating 

that water is a stronger base than vanillin. This effect was less dramatic at 120% . In the post 

column derivatization mode, the water content of the solution is 92.5%, which exhibited no 

decrease in slgnal intensity at 120%. Therefore 120% was selected as the operating 

temperature of the assay. 

The optimization of reagent concentration was conducted in post column HPLC mode by 

preparing solutions of vanillin and sulfuric acid in methanol in combinations of 0, 1 , 3, and 

5%. A - .O mglmL standard was analyzed in triplicate with the sixteen combinations of reagent. 

Table I lists the average area of the monensln A peak. No response was observed with reagent 

lacking b,anillin or sulfuric acld. The magnitude of the response increased with vanillin and 

sulfuric acid concentration. Monensin B behaved similarly. However, discoloration of the 

reagent also increased with the same trend. The index of reagent solution performance was 

defined as the peak area of the standard divided by the reagent solution absorbance at 520 nm 
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Table 1. Effect of reagent mposition on detector responsea. 

% H2Q % vanillin Are&,,, A r e L ,  Abmm 

1 .o 
1 .o 
1 .o 
3.0 
3.0 
3.0 
5.0 
5.0 
5.0 

1.0 0.03 
3.0 0.10 
5.0 0.15 
1.0 0.16 
3.0 0.43 
5.0 0.59 
1.0 0.31 
3.0 0.68 
5.0 1.00 

0.03 
0.09 
0.15 
0.16 
0.42 
0.52 
0.30 
0.66 
1 .oo 

0.021 
0.029 
0.049 
0.041 
0.088 
0.1 96 
0.222 
0.436 
0.680 

aAverage of three determinatbns. For convenience, areas have been normaitzed. 
Absorbance of reagent solution after six hours standing at mom temperature. Measurement 
performed in 1 cm cuvette. 

after six hours at mom temperature. Agure 3 shows a contour plot of the resuhlng response 

surface. From this plot, the optlmum reagent solution cornposhion Is 3% vanillln and 3% 

sulfuric acid. 

Figure 4 shows a typical chromatogram of a fermentation broth extract obtained under the 

optimized conditions. Monensln A and B are well resolved and exhibit ecceptaMe peak 

symmetry. Two small peaks of unknown orlgln. were obaewed, one at the solvent front, the 

other eluting after monensln A. The magnitude of detector response was directly proportional to 

monensin concentration over the domain 0.25 to 2.0 mglmL. The ratb of the response of 

monensln A to monensin B was 0.86, suggesting that the two factom may react with vanillin at 

different rates. 

The efficiency of extraction of monensln from the fermentation broth was evaluated by 

preparing suspensbns of broth and methand at several ratios. Tabla II I@ the mess of 

monensin extracted as a function of methanol:broth ratio. For presentation purposes. the 

entries to the table have been normalized. Complete extracibn (>95%) was obtained at a 

methanokbroth ratio of 5, although further dilution may be desirable to adjust the sample 

concentration within the linear range of the assay. 

The effect of the sample matrix was evaluated by spiking monensin standard into a methanol 

extram ot fermentation broth. Table ill lists the recovery of monensin as a function of percent 
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Figure 4. Chromatogram of a typical fermenlatbn broth sample. Chromatographic 
conditions are described in the text. 

Table 11. Extraction efflclency as a function of melhano1:brolh ratb. 

methano1:broth mass extracted monensina 

4 0.81 
6 0.88 
0 0.93 

10 1 .oo 
12 0.99 
14 1 A0 

aAverage of three determinations. Results have been normalized for simplification. 
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Table 111. Evaluation of matrix effect. 

Percent of native Recovery 
concentration 

100% (native) NA 
117% 104% 
139% 9 9% 
216% 101% 
344% 101 Yo 

average: 101 % 

Table IV. Recovery of spiked monensin. 

Percent of native Recovery 
concentration 

100% (native) NA 
102% 101% 
104% 99.9% 
108% 100.1% 
121% 99.6'%0 
131% 97.0% 

average: 99.4% 

Table V. Evaluation of assay precision. 

Day Average Result1 (mglmL) r.s.d. 

1 
2 
3 
6 
8 
10 

0.69 1.2% 
0.65 3.0% 
0.68 3.0% 
0.68 0.9% 
0.70 1.2% 
0.70 1.2% 

a Average of nine injections of a single methanol extract. Resuit is sum of 
concentration of monensin A and 6. 
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0.E - 

0.6 - 

0.4 - 
HPLC I 1.028'I~rb. ~ 0.W 
corr.. 0.987 

0.0 0.2 0.4 0.8 0.8 1 .o 

normrllzrd turbldlmatric raruit 

2 

Figure 5. Comparison of HPLC data with turMdimetrk date for samples obtained throughout 
a typical fermentah. Results have been normallzed to the highest measured potency 
for presentation purposes. 

of native monensin spiked into the sample. Over the domain 13% to 244% above native 

monensin concentration, the average recovery was 101%, indicating no matrix effect. 

Monensin was also spiked directly Into the fermentation broth to evaluate extraction efficiency. 

The concentration regime studied In the spiking experiment was smaller than in the matrix 

effect study to determine if small differences In the concentration of monensin could actually be 

detected. The resub are listed in tabie IV. Over the domain 2% to 31% above native monensin 

concentration, the average recovery was 99.4%, indicating quantitattve recovery of spiked 

monensin. 

The assay was evaiuatd for short and bng term pecisbn by malyzh a control sample, a 

methanol extract of fermentatbn broth, with nine replicates daily. The pertinent data is given 

in table V. Within a Oiven day, the typical coefficient of variation observed was about 1 .%. 

The average resuit varied by less than 3% over 7 days, indicating stability of monensin in the 

sample matrix as well as reproducibility of the assay. 
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1522 NEELY 

A series of fermentation samples, encompasslng the typical concentration range found 

throughout a fermentation, were analyzed by HPLC and a microbblogical assap. The results of 

the assays are compared In figure 5. The HPLC result is the sum of factors A and B. Over the 

concentration domain studied, the results of the HPLC assay correlate well with turbidimetric 

results. Linear regression of the data yields a correlation coefficient of 0.997 and an 

essentially origin intercept. The slope of 1.026 compares well with the theoretical value of 

1 .ooo. 

CO"S 

A rapid HPLC assay with post-column derivatization suitable for the analysis of large 

numbers of samples, has been described and characterized. The accuracy of the method has been 

verifled by comparison to biological activity. 
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