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SUMMARY 

A high-performance liquid chromatographic method is described for the deter- 
mination of niacinamide in compound feed. The niacinamide is extracted with 0.2 M 
hydrochloric acid in order to suppress the hydrolysis of the niacinamide to nicotinic 
acid. The chromatography is carried out with the aid of column switching. An RP- 18 
column is used for the preseparation, and the analytical separation takes place in a 
cation-exchange column. With the proposed method, the limit of determination is 
about 2 ppm of niacinamide. 

INTRODUCTION 

The provision of amino acids and vitamins, now mostly produced synthetically 
by large-scale industrial processes, is an important factor in achieving high levels of 
productivity in intensive livestock husbandry. 

One vitamin that is acquiring growing importance is niacin (vitamin B3). Nia- 
cinamide, similarly to nicotinic acid, participates in the form of coenzymes NAD and 
NADP in all living cells in vital metabolic reactions. A deficiency of niacinamide or 
nicotinic acid in animal nutrition has adverse effects; e.g., poultry it leads to disorders 
in the development of feathers, reduced laying activity, decreased hatchability and to 
delays in growth. With pigs, the deficiency manifests itself in the development of 
rough skin and determatitis at the ears. Cases of intestinal inflammation can also 
occur. 

The requirement for niacin is partly met through the particular feed diet. Inde- 
pendent of this, however, niacinamide/nicotinic acid is generally supplemented to 
ensure that the requirement is met. As the rate of supplementation is only a few parts 
per million, it is necessary to have an efficient method for determining these low levels 
reliably and quickly. 

The quantification of niacinamide/nicotinic acid is usually carried out spectrop- 
hotometrically’-4, by thin-layer chromatography5,6 or by high-performance liquid 
chromatography (HPLC) . 7,8 Of these, HPLC is certainly the most efficient. However, 
the polar structure of niacinamide/nicotinic acid results in most HPLC processes 
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being based on ion-pair chromatography - 9 l4 Because, in our experience, good reten- . 
tion time stability is not always achieved in ion-pair chromatography, reversed-phase 
HPLC without ion-pair reagents was employed for the quantification of niacinamide 
in compound feed. A requirement was that costly preparation of the samples should 
be avoided. 

EXPERIMENTAL 

Equipment 
The HPLC system consisted of a Hewlett-Packard 1090 liquid chromatograph 

fitted with a column-switching mechanism and a (Spectra-Physics SP 8450) UV detec- 
tor. The evaluation was carried out by means of a Spectra-Physics SP 4270 computer- 
integrator which was connected to a Labnet laboratory data station. The measure- 
ments were made at 264 nm at a flow-rate of 1.5 ml/min and at 50°C. The following 
columns were obtained from Macherey, Nagel & Co. (Diiren, F.R.G.): precolumn, 
RP-18, 5 pm (17 x 4.6 mm I.D.); column A, RP-18, 5 pm (250 x 4.6 mm I.D.); and 
column B, Nucleosil 5 SA cation-exchange column (250 x 4.6 mm I.D.). The reten- 
tion time of niacinamide on column A was 13.7 min and the total analysis time was 
ca. 32 min. 

The column switching system is presented in Fig. 1 and proceeds as follows: 
column switching, 0 min CS = 1, 12.9 min CS = 0, 14.5 min CS = 1 and 26 min 

a 
T 

b 

Pump P 
- Column A 

Fig. 1. Flow diagram for the determination of niacinamide. For explanations, see Experimental. (a) Sepa- 
ration only on column A (equal to CS = l), (b) separation on columns A and B (equal to CS = 0). 
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CS = 0 (CS = 1, via precolumn and column A; CS = 0, via precolumn, column A 
and column B); and eluent, 0 min 0.01 M KH2P04, 17 min 0.01 M KHzPOd-acetoni- 
trile (60:40) and 20 min 0.01 M KH2P04. The time parameters of the column swit- 
ching must be checked from time to time and corrected if necessary. The column 
switching times given above apply for a retention time of niacinamide of 13.7 min on 
column A. 

Materials and solvents 
All substances were obtained from Merck (Darmstadt, F.R.G.). The com- 

pound feeds used for the feeding of poultry and pigs were obtained from various 
producers. The eluent was a 0.01 A4 aqueous solution of potassium dihydrogenphos- 
phate (pH 4.80). Before use, it was degassed ultrasonically. 

Fig. 2. HPLC of niacinamide (NA) without column switching. (a) Compound feed without niacinamide; 
(b) compound feed supplemented with 10 ppm of niacinamide. Eluent: 0.01 M KH,PO,. 
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Reagent solutions 
Solutions of known concentrations of niacinamide were prepared with doubly 

distilled water, using these calibration solutions, a calibration graph was then plotted, 
and was linear in the range 5-50 Qpm. 

Preparation of samples 
A 2-g amount of finely ground (0.25 mm) compound feed, weighed exactly, was 

mixed with 10.0 ml of 0.2 M hydrochloric acid and stirred for 10 min. The mixture 
was centrifuged and filtered through a OS-pm membrane filter and the filtrate was 
used for the HPLC measurement. 

Kinetics of niacinamide hydrolysis 
The sample was prepared as described above. In addition to 0.2 A4 hydrochloric 

acid, 0.1 M hydrochloric acid and doubly distilled water were used. After filtration, 
the QH and the niacinamide content of the solution were determined as a function of 
time. 

RESULTS AND DISCUSSION 

A compound feed for animal nutrition is a very complex matrix when regarded 
analytically. It is built up from mostly vegetable raw materials with minerals, amino 
acids and vitamins added. Consequently, a large number of peaks must be identified 
even when detection is carried out at 264 nm (Fig. 2). 

If one wants to conduct the analysis without ion-pair reagents, it is not possible 
to maintain a retention time of niacinamide of appreciably more than 10 min with 
RP-18 phases. Although this is possible with cation-exchange columns, the same 
problem arises with regard to the number of peaks as with RP-18 columns. As a 
complicated and therefore time- and cost-intensive preparation of samples was to be 
avoided, column switching was considered’5,‘6. 

Our positive experience with column switching17 was continued in the determi- 
nation of niacinamide. Fig. 2a shows the chromatogram of a compound feed without 
addition of niacinamide, and Fig. 2b shows that of a compound feed with 10 Qpm of 
niacinamide added. Without the zero diet, however, it is not possible to be certain 
that the niacinamide peak is free from interferences. 

By using column switching, it is now possible to obtain the niacinamide peak 
virtually free from interferences. Here, Qreseparation is carried out on an RP-18 
column with 0.01 A4 potassium dihydrogenphosphate solution. Then, by means of 
column switching, the niacinamide fraction is applied to the second column and 
chromatographed there, also with 0.01 A4 potassium dihydrogenphosphate solution. 
The second column contains a cation exchanger, which makes it possible to separate 
the niacinamide cleanly from possible interfering substances prevent (Fig. 3a and b). 

In conjunction with a more extensive study, various compound feeds were an- 
alysed for their niacinamide contents. The compound feeds to which no niacinamide 
was added proved to be virtually interference-free in the niacinamide region. Some 
vegetable and animal raw materials were likewise studied for their free niacinamide 
contents and the results are given in Table I. 

The reproducibility of the extraction and recovery of niacinamide were determi- 
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Fig. 3. HPLC of niacinamide (NA) with column switching. (a) Compound feed without niacinamide; (b) 
compound feed supplemented with 10 ppm of niacinamide. Conditions as described under Experimental. 
The arrows indicate a change in chart speed from 0.25 to 0.50 cm/min. 

TABLE I 

FREE NIACINAMIDE CONTENT IN VARIOUS RAW MATERIALS 

Sample Niacinamide content ,from 

extraction with 0.2 M HCI 

(ppml 

Blood meal 
Corn 
Soybean meal 
Fish meal 
Meat meal 

2- 3. (n = 2) 
_Y (n = 2) 
6-8 (n = 2) 

19-72 (n = 5) 
3-36 (n = 5) 

a CO.5 ppm 
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TABLE II 

RECOVERY OF SUPPLEMENTED NIACINAMIDE IN COMPOUND FEED 

Rate of 
supplemenlation 

(ppm) 

5 

IO 

15 

Content from extraction 
with 0.2 A4 

HCl (ppml 

5.0 
4.9 

10.2 
10.1 
15.1 
14.1 

Recovery 

(%i 

100 
98 

102 
101 
100.7 
98 

ned. The study of the extraction reproducibility was carried out with a sample that 
contained 10 ppm of niacinamide. The coefficient of variation was 0.86% (n = 10). 
The recovery was determined for the addition of 5, 10 and 15 ppm niacinamide (Table 
II). 

With the sample preparation described, the limit of determination was about 2 
ppm and the detection limit about 0.5 ppm. Both limits can be lowered, especially by 
changing the range adjustment of the UV detector. However, this is not relevant for 
the analysis of feedstuffs because niacinamide is supplemented at levels of about 20 
ppm upwards. 

A parameter of essential importance for the determination of niacinamide in 
feedstuffs is the pH of the test solution. In extensive studies, the hydrolysis of the 
niacinamide to nicotinic acid in the test solution was analysed at various pH values 
and the results are shown in Fig. 4. It can be clearly seen that a reduction in pH is 
accompanied by an increase in the stability of the niacinamide in the test solution. 

Recovery (%I 

40 ’ 
1 / I / 1 

0 5 10 15 20 25 

Reaction time (hours) 

Fig. 4. Hydrolysis of niacinamide. Compound feed (CF) supplemented with 30 ppm of niacinamide (NA). 
(1) NA in water; (2) CF + NA in 0.1 M HCl; (3) CF + NA in water; (4) CF + NA in 0.2 A4 HCl. Actual 
pH values: (1) 5.5; (2) 5.3; (3) 3.5; (4) 2.1. 
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However, it is not only the pH, but also the composition of the test solution that is of 
decisive importance for the hydrolysis of niacinamide. 

Niacinamide in water at pH 5.2 shows no notable decomposition even after 24 
h. A compound feed sample supplemented with niacinamide, however, was found to 
contain only about 60% of niacinamide after 24 h. As the feed acts as a buffer, it is 
therefore advisable to suppress the hydrolysis by lowering the pH of the test solution. 
As a result, it is possible to analyse several samples overnight with an autosampler 
without the risk of hydrolysis of niacinamide occurring. 

It is not possible to determine nicotinic acid by this procedure, because it co- 
elutes with a number of other feed components. A separation could not be achieved 
by column switching, so that one cannot determine both forms of the vitamin with a 
single injection. However, using this procedure, improved stability of the retention 
times over ion-pair chromatography could be achieved. 

REFERENCES 

1 D. C. Egberg, J. Assoc. 08 An&. Chem., 62 (1979) 1027. 
2 F. Holz, 2. Lehensm.-Unters.-Forsch., 179 (1984) 29. 

3 S. Williams (Editor), Oficial Methods of Analysis of the Association qf Ojficial Analytical Chemists, 
AOAC, Arlington, VA, 14th ed. 1984, pp. 43.04843.063 and 43.19143.199. 

4 H. Ge, G. N. Oman and F. J. Ebert, J. Assoc. Ofl Anal. Chem., 69 (1986) 560. 

5 B. Sarangi, S. K. Chatterjee, K. Dutta and S. K. Das, J. Assoc. Qff: Anal. Chem., 68 (1985) 547. 
6 J. Sherma and M. Ervin, J. Liq. Chromatogr., 9 (1986) 3423. 

7 K. Callmer and L. Davies, Chromatographia, 7 (1974) 644. 

8 K. Shibata, J. Chroma/ogr., 424 (1988) 23. 

9 R. L. Kirchmeier and R. P. Upton, J. Pharm. Sci., 67 (1978) 1444. 

10 R. P. Kwok, W. P. Rose, R. Tabor and T. S. Pattison, J. Pharm. Sci., 70 (1981) 1014. 
11 M. C. Walker, B. E. Carpenter and E. L. Cooper, J. Pharm. Sci., 70 (1981) 99. 

12 R. W. McKee, Y. A. Kang-Lee, M. Panaqua and M. E. Swendseid, J. Chromatogr., 230 (1982) 309. 

13 D. C. Woollard, J. Chromafogr., 301 (1984) 470. 

14 K. Takatsuki, S. Suzuki, M. Sato, K. Sakai and 1. Ushizawa, J. Assoc. Off: Anal. Chem., 70 (1987) 698. 
15 R. L. Wehling, J. Agric. Food Chem., 32 (1984) 1326. 
16 D. Dadgar and A. Power, J. Chromatogr., 416 (1987) 99. 

17 D. Balschukat, E.Kress and H. Tanner, Landwirtsch. Forsch., 41 (1988) 120. 


