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Abstract 
The AOAC methods have been widely used for the determination of B

vitamins in foods. However .. these methods have been recognised as tedious and 
time-consuming, and each vitanlin must be individually analysed. In recent 
years, there has been increasing interest in the use of l:lquid chromatographIc 
methods for the analysis of these vitamins. Various 1uethods are being 
developed, but few are suitable for the simultaneous detennination of several B
vitamins, and for a wide variety of foods. This paper reports efforts to develop a 
HPLC method for Simultaneous analysts of thiarnine, riboflavin, niacin and 
pyridoxine. Mixtures of these water-soluble vitamins were studied 
systematically to derive at optimal chronlatog:raphlc and detection procedures. 
Studies on UV-absorpUon characteristics of the vitamins showed that the 
vitamins can be simultaneously detected at 260 and 290 nl11 in a duaJ.
wavelength detector. Separation was effected on a C 18 !lBondapak column, and 
different proportions of methanol and water in the 11lobHe phase were studied. 
The effect of the addiUoll of varying amounts of glacial acetic acid into the 
mobile phase was also studied. To further illlprove the separation of the 
vitamins, the efTect of the addition of different amounts and types of ion-pairing 
reagents was examined. The various studies carried out have shown that a 
mobile phase cornprising of a mixture of luethanol, glacial acetic acid and water 
in the ratio of 34.5:0.5:65 and containing hexane sulphonic acId at a 
concentration of 5 mM as an ion-pairing reagent gave satisfactory separation of 
the four vitamins. Suitability of the lllethod developed for the analysis of food 
samples will be tested in the next phase of the study. 

Introduction 
The AOAC methods have been widely used for the analysis of the B

vitamins, thiamine, riboflaVin. niacin and pyridoxine. However, these metbods, 
based on fluorescence and colour reactions have been recognised as tedious 
and time-consuI11ing. and each vitamin must be individually analysed. The need 
for hazardous chemicals for the analysis of niacin poses additional difficulties. 

In recent years, there has been increasing interest :[n the use of liquid 
chromatographic methods for the analysis of these vitamins. Various nleti10ds 
are being developed, but few are suitable for the si:multaneous detennination of 
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several B-vitamins, and for a wide variety of foods. This paper reports efforts to 
develop a HPLC nlethod for simultaneous analysis of thimlline, riboflavin, niacin 
and pyridoxine. 

Materials and Method 

Apparatus 

The liquid chromatography system used consisted of a Gilson 305 piston 
pump connected to a GJ.1son 805S manometrtcmodule, and a rnodel 7161 
Rheodyne injector with a variable 2 ml sample loop. The detector used was a 
Gilson 116 UV detector set at 0.01 absorbance unit full scale. The pump and 
detector was controlled by the Gilson 714 system controller software operaUng 
in a micro-computer which also pemlited storage. reviewjlng and re-integratlon 
of all chromatographic data. Chromatograms and results analysed were then 
recorded on a Panasonic lKX-P1081 printer. 

A stainless steel. 30 cm by 3.9 mr:n LD., 10 IlBondapak C18 column was 
used for the chromatographic separation. This was preceded by a Supelco guard 
column holder containin!~ a 2 cm disposable guard column insert which 'was 
packed with the same material as that in the analytical column. 

A Perkin-Elmer model 550S UV/VIS Spectrophotometer with a rnodel EI61 
chart recorder was used to determine absorption spectra of the vitarnins. 

Chemicals and Reagents 

Methanol used was of HPLC grade obtained from BDH. and analytical 
grade glacial acetic acid was obtained from Merck. Wat.er for preparation of 
mobile phase and standards was purified with Elgastat UHQ II. All mobile phase 
solutions were filtered with a 47 mm 0.45 ~lm Schleicher & Schuell RC 55 
membrane filter paper utilising a millipore filtration set and subsequently 
degassed for 15 minutes with a Branson 3200 soniC bath. Before use. the HPLC 
column was washed with at least 100. to 150 ml of mobile phase and then 
equilibrated at a flow rate of 1 ml per minute for about 30 :rninutes. 

The 4 vitmnin B standards studied, i.e. thiamine hydrochloride (13 1). 
riboflavin (132). nicotinic acid (niacin) and pyridoxine hydrochloride (B6) were 
obtained from Sigma chernicals. Solutions of 5 mg per ml thiamine. niacin and 
pyridoxine were prepared in 0.1 N hydrochloric (Convol, BDH). Riboflavin 
standard solution of 0.1 rng per ml was also prepared in O,IN hydrochloric acid; 
there was. however. a slight turbidity tn the preparation. These standclrd 
solutions were kept refrjlgerated and were stable for several months. Fresh 
standard solutions of mbctures containing 10 Jlg/rnl of thianline, 2.~; Jlg/ml of 
riboflavin, 5 Jlg/rnl of njlacin and 50 IJ.g/ml pyridoxine were prepared in the 
appropriate mobile phase and filtered with a 13 lllm 0.45 Jlm Schleicher & 
Schuell RC 55 membrane fiJter paper using a Water's sample filteration kH. 
These standard mixtures were kept in 25 ml amber bottles to prevent 
degradation of riboflavin as the vita:min is sensitive to light. 

Ion pairing reagents were obtained from Waters Division of Millipore a.nd 
they were packed in v ...als of 25 ml each. They were I-pentane sulphonic acid 
(PIC B-5). I-hexane sulphoruc acid (PIC B-6). I~heptane sulphoruc acid (PIC B
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7) and I-octane sulphoru.c acid (PIC B-8). 

Results and Discussion 

Absorption spectra and IJPLC chrornatogrwns of the Jour vitarnins 
The characteristic absorption spectra of thiarnine, riboflavin, niacin and 

pyridoxine in O.IN hydrochloric acid are shovm In Figures la, lb. Ie and lei 
respectively. The nlain absorption maxima was found to be 246 nITl for 
thiamine. 266 run for riboflavin. 260 nm for nlacin and 290 run for pyridoxine. 
The wavelengths 260 run and 290 run were therefore selected for detection of 
the vitamins during chromatography. The dete:cUon procedure made use of the 
capability of the detector to penuit simultaneous nlOnitorinig at 2 wavelengths. 
namely 260 nm at channel 1 for thiamine, riboflavin and niacin, and 290 :mn at 
channel 2 for pyridOxine, 

Q,}r 

Figure I, Absorption spectra of the four B-vitamins 
(a) thiamine, 10 jJ.g/ml (c) niacin. 10 jJ.g/ml 
(b) riboflavin, 5 jJ.g/ml (d) pyridoxine, 10 jJ.g/ml 
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HPLC chrolnatogranls of the four vitamins were obtained using a mobile 
phase comprising of a rnixture of luethanol. glacial acetic acid and water 
(39: 1 :60, v Iv) with 5 mM 'Water's PIC B-6. All four vitamins gave single peaks at 
the retention tirnes of 6.56 for thimnine., 5.27 for riboflavin, 3,.63 for niacin and 
4 .. 60 for pyridoxine. 

Evaluation oj reported systems 

Trials were first carried out on reported chromatrographic syste:ms for the 
separation of these vitam.:lns. WimalasirL and Wills (1985) reported the use of a 
mixture of methanol and water (40:60, v /v) with 5 :mM PIC B··6 for the 
separation of thiamine and riboflavin on a JlBondpak C 18 (10 Jlm) Hadial-Pak 
column. However when this mobile phase was used in this study, resolution for 
riboflavin and pyridoxine was only 0.5 (Figure 2a). 

1.-:,) 

Jj 

LOS 
a1 

Figure 2. HPLC chromatograms of the four 8-vitamins using a mobile phase of methanol-water with 
and without glacial acetic acid 
(a) m.p. =methanol-water, 40:E)() (v/v). with 5mM PIC 8-6 
(b) m.p. =methanol-glacial acetic acid-water. 39: l:60 (vjv), with 5 mM PIC B-6 
(c) m.p. =methanol-glacial acetic acid-water. 39: l:60 (vjv), with 5 mM PIC B-B 
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Dong et al. (1988) described the use of glacial acetic acid as an additjve to 
aCidify the mobile phase to facilitate the ion-painlng of basic solutes with the 
alkylsulphonates. They suggested that satisfactory efI'ect :ls obtained with the 
addition of 1% acetic acid. The mobile phase was therefore modified to a 
mixture of methanol. glacial acetic acid and water at a ratlo 39: 1:60 (vIv) with 
5mM PIC B-6. The separation between riboflavIn and pyridoxine improved 
markedly (Figure 2b) and the four vitamins were well separated within 7 
minutes. In another trial. the same mobile phase as abov1e was used. but the 
ion-pairing reagent PIC B-6 was replaced with B-8. There was good separation 
of riboflavin. niacin and pyridoxine, but thiarnine was not eluted even after 25 
minutes (Figure 2c). 

Toma and Tabekhia (1979) also employed a rnobfle phase of a mixture of 
methanol. glacial acetic acid and water (39: 1 :60. v Iv) for the separation of 
thiamine. riboflavin and niacin on a 30 cm x 4 mm rnBondapak C18 column. 
However. the ion-pairing reagents used was a mixture of 5 rnM PIC B-5 and PIC 
B-7. The procedure was found to give poor separation for riboflavin and 
pyridoxine (Figure 3a). \Vhen the same mobile phase was used with only PIC B
7 as the ion-pairing reagent. there was better separation of these two vitrunins 
(Figure 3b) but the retention time for thiamine was increased significantly. 
However, when PIC B-5 alone was used, there was poor separation for thianline. 
niacin and pyridoxine (Figure 3c) although retention Urnes were reduced. 

Figure 3. HPLC chromatogram.... of the four B-vitamins using a mobile pha.se of methanol-glacial 
aceUc: acid-water (39:: 1:60, v/v) with 5 mM of different ion-pairing reagents 
(al PIC 8-5 & PIC 13-7 
(b) PIC B-7 
(c) PIC B-5 
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Since the two reported methods did not give satisfactory resuUs, several 
studies were then carried out systematically to determine the most suitable 
mobile phase and ion-pairing reagents to be used for optimal separation of the 
vitamins, including type and strength of ion-pairing reagents. different 
proportions of methanol and glaCial acetic acid. 

Separation without ion-pairing reagents 

Several trials were first carried out using mobile phase IOf varying 
proportions of methanol and water with an addition of 1%, gla.cial acetic acid but 
without the addition of any ion-pairing reagent. The proportion of methanol ',JJ:3.S 

gradually increased from 15°;6 to 45% , with a concomitant decrease in the 
proportion of water (Table 1). Using 15°;6 methanol. there was no separation for 
niacin and pyridoxine. a.nd riboflavin did not appear even after 50 minutes of 
chromatogJ,"aphy (Figure 4a). Increasing the proportion of rnethanol improved 
the resolution between niacin and pyridoxine, and decreased. the retention tirne 
of riboflavin conSiderably (Figures 4b. 4c. 4d and 4e). Nonetheless. separatio.n. of 
the four vitamins cannot be said to be satisfactory. It would appear that ton
pairing reagents are necessary for achieving the desired separation. 

..... 

I I '. II U 

LH .. 

Figure 4. Chromatograms shO\v:ing the erred of difIerent proportions of methanol on the separation 
of the four B-vitamins without the addition of any ion-pairing reagent 
(a) m.p. = methanol-glacial acetic acid-water, lEi: 1:84 (v/v) 
(b) m.p. = methanol-glacial acetic acid-water, 25: 1:74 (v/v) 
(cl m.p. = methanol-glacial acetic acid-water, 35: 1:64 (v/v) 
(d) m.p. = methanol-glacial acetic acid-water, 39: 1:60 (v/v) 
(e) m.p. = methanol-glacial acetic acid-water, 4S: 1:54 (v/v) 
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Table 1: Separation (,f B-vlt:amins without. ion-pairing reagents 
-----", -------~--

Methanol Glacial Water Ion-pairing Chromatogram 
acetic acid reagent 

(0;3) (CYc») (%) 

15 	 1.0 84 nil Figure 4a 
25 	 1.0 74 nil Yigure 4b 
35 	 1.0 64 nil Figure 4e 
39 	 1.0 60 nil Yigure 4d 
45 	 1.0 54 nil Figure 4e 

Addition of hexane sulphontc a.cid 

In order to detemline if the separation of the four vitan1ins with 5 n1M of 
PIC B-6 in a n10bile phase of methanol, glacial acetic acid and water (39: 1 :60, 
v Iv) (Figure 2b) can be further improved, various concentrations of the reagent 
were studied rrable 2A). Figure 5 shows the changes in the separation of the 
four vitamins using 1 mM, 3 mM, 5 mM and 7 mM of PIC B-6. 'The best 
separation was achieved using 5 mM of the ion-pai.ring reagent. 

Table 2: 	 Effect of d.ifferent concentrations of hexane sulphonic acid and 
varying pr,oportions of methanol and glacial acetic acid 

Methanol Glacial Water Ion-pairing ChromatograrIl 
acetic acid reagent 

(0/0) (%») (0/0) 

A. Varying concentrat:lons of PIC B-6 

39 1.0 60 1 mA-f PIC B-6 Figure 5 
39 1.0 60 3 ff1.A,f PIC B-6 Figure 5 
39 1.0 60 5 ff1.A,f PIC B-6 Figure 5 
39 1.0 60 7 ff1.A,f PIC B-6 Figure 5 

B. Varying proportions of methanol 

19 1.0 80 5 mM PIC B-6 Figure 6 
24 1.0 75 5 mM PIC B-6 Figure 6 
27 1.0 72 5 mM PIC B-6 Figure 6 
29 1.0 70 5 ml'.1 PIC B-6 Figure 6 
34 1.0 65 5 mM PIC B-6 Figure 6 
39 1.0 60 5 ml'.1 PIC B-6 Figure 6 

C. Varying proportions of glacial acetic acid 

35.0 0 65 5 rnM PIC B-6 Figure 7 
34.5 0.5 65 5 mM PIC B-6 Figure 7 
34.0 1.0 65 5 mM PIC B-6 Figure 7 
33.5 1.5 65 5 mM PIC B-6 Figure 7 
33,.0 2.0 65 5 mM PIC B-6 Figure 7 
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fIgure 5. Effect of different concentrations of PIC 8- 16 on the sepa.ration of B-vitamins in a mobile 
phase of methanol-glacial acetic acid-water. =l9:1:60 (v/v) 

To detenntne the opt1mal proportion of methanol in the mobile phase, the 
percentage of methanol was changed gradually from 19°11) to 390,·'0 wLth glac:lal 
acetic acid fixed at 1 % and the addition of 5 mM PIC B-6 (Table 2B). Opt1murn 
separation at resonable retention times was obtained us:lng 34% nlethanol in 
the mobile phase (Figure 6). 

)C 

'4 Mefhonol 

Figure 6. Effect of different proportions of methanol on the separation of B-vitamins in a mobile 
phase of methanol- 1% glacial acetic acid-water with 5 mM PIC 8-13. 
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The effect of changing the proportion of glacial acetic acid on the 
separation of the vitamins was next studied (Table 2C). It was found that 
decreasing the proportion of glacial acetic acid from 2.0-0(Yo increased the 
resolution between the vitamins (Figure 7). However, when glacial acetic acid 
was omitted totally, there was tailing of pyridoxine peak. Therefore 0.5 % glacial 
acetic acid is thought to be the most appropriate. 
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0,5 I 5 

"I. Glacial acehc acid 

Figure 7. Effect of different proportions of glacial acetic acid on the separation of B-vitamins in a 
mobile phase of methanol-glacial acetic acid-65% water with 5 mM PIC B-6 

Addition ofother ion-pairing reagent') 

A series of studies were carried out to determine the eirect of the addition 
of other ion-pairing reagents, namely PIC B-5, PIC B-7, PIC B5 plus PIC B7 and 
PIC B-B, to the mobile phase. 

. With the concentration of ion-pairing reagent fixed at 5 mM and glacial 
acetic acid at 0.50/0, the proportion of methanol in the Inobile phase was 
gradually increased from 19.f) to 49.5%. The studies were repeated for each of 
the reagent or combination of reagents mentioned above (Table 3) (Figures 8a, 
8b, 8c, and Bd). Decreasing the proportion of methanol increased the resolution 
between niacin and pyridoxine. There was, however, a concomitant increase in 
the retention time of thiamine, the increase being greater wit.h increase in alkyl 
chain length of the ion-pairing reagent. The retention time of niacin rernained 
unchanged with all types of ion-pairing reagents. For the different ion-pairing 
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reagent, the optimum proportion of rnethanol varied. The best separation 
appeared to be achieved with 24.5% methanol for PIC B-~), ~~9.50A) for PIC B·'7, 
24.5% for the combination of PIC B-5 and B7 and 44.5% for P[C B-8. 

IBe) (8b) 

25 I 
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\95 245 " 295 \95 24.5 

\5 

"iO 
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195 59S 
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'I. Methanol 
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I<~igure 8. Effect of different proportions of methanol on the separation of the four B-vitarnins in a 
mobile phase of methanol-O.5% glacial acetic acid-water with 5 mM of different ion-pairing reagent 
(a) PIC B-5 
(b) PIC B-7 
(cl PIC B-5 & B-7 
(d) PIC 8-8 
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Table 3: Effect of varying proportions of methanol with several ion-pai.ring 
reagents 

Methanol 	 Glacial Water Ion-pairing Graphs 
acetic acid reagent 

(%) 	 (%) (%) 

19.5 	 0.5 80 5 mM PIC 8-5/8-7 /8-5 + 8-'7/B-8 Fig. Sa-8d 
7<;24.5 	 0.5 ..) 5 mM PIC B-5/B-7/B-5 + B-7/B-8 Fig.8a-·8d 

29.5 	 o.:::>t" 70 5 mM PIC 8-E;/8-7/B-5 + 8-7/B-8 Fig.8a--Sd 
39.5 	 0.5 60 5 mM PIC 8-E; /8-7/8-5 + 8-7/B-8 Fig.8a-8d 
49.5 	 0.5 50 5 mM PIC 8-S/8-7/8-5 + 8-7/8-8 Fig.8a-8d 

-----_. 

The effect of different concentrations of each of the above ion-pairing 
reagents was studied, with glacial acetic acid fixed at 0.~)~'6 and the Inost 
appropriate proportion of methanol for each PIC as stated above (Table 4). 
Figure 9a shows that with PIC 8-5, concentrations of 5 mM to 9 mM could be 
used for the separation of the four vitamins. With PIC 8 ..7. 7 mM gave the best 
separation (Figure 9b). As for the combination of PIC 8-EI and PIC 8-7, 3 TIIM of 
the reagent gave the best separation (Figure 9c). but the chrornatography tinle 
took more than 20 minutes. Increasing the concentration of PIC 8-8 showed a ~ 

significant increase in retention UTIle of thiamine with not much difference in 
the separation of the three other vitamins. Figure 9d shows that the best 
separation in using PIC 8-8 was a concentration of 2 n1M. 

Table 4: Effect of different c:oncentraUons of several ion-pairing reagents 
.._---------------_...._-_._--------- 

Methanol Glacial Water Ion-pairing Chromatogranl 
acetic acid reagent 

(0/0:1 (o/b)! (OA)) 

24.5 a.s 7r;'..) 1 mM PIC B-5 Fig.9a 
24.5 
24.5 
24.5 
24.5 
24.5 

a.s 
a.s 
O.S 
05 
05 

75 
7 c ... -) 
7r;..) 
7 C..-) 
7 c' ..) 

:J mM PIC B-5 
5 mM PIC B-5 
6 mM PIC B-5 
'1 mM PIC B-5 
9 m\1. PIC B-5 

Fig.9a 
Fig.9a 
Fig.9a 
Fig.9a 
Fig.9a 

39.5 05 60 1 mM PIC B-7 Fig.9b 
39.5 05 60 2 mM PIC B-7 Fig.9b 
39.5 05 60 .3 mM PIC B-7 Fig.9b 
39.5 05 60 4 mM PIC B-7 Fig.9b 
39.5 05 60 .5 mM PIC B-7 Fig.9b 
39.5 a.s 60 6 mM PIC B-7 Fig.9b 
39.5 O.S 60 7 mM PIC B-7 Fig.9b 
24.5 0.5 7[,) 1 mM PIC B-5 + B-7 Fig.9c 
24.5 
24.5 

0.5 
o c'.;:) 

7'.) 

7'.J 

.3 mM PIC B-5 + 8-7 
4 mM PIC B-5 + B-7 

Fig.9c 
Fig.9c 

24.5 05 7 1-.J 5 mM PIC B-5 + B-7 Fig.9c 

44.5 
44.5 
44.5 

05 
0.5 
o [~.:::> 

5 1-.) 

5 1 
-.) 

5 1 
-.:::> 

1 mM PIC B-8 
2 mM PIC B-8 
.3 mM PIC B-8 

Fig.9d 
Fig.9d 
Fig.9d 

44.5 
44.S 

0.5 
0.5 

SS 
SI.) 

4 mM PIC B-8 
S mM PICB-8 

Fig.9d 
Fig.9d 
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Figure 9. Effect of different concentrations of several ion-pairing reagents in the Jo;.1owing mobile 
phases 
(a) m.p. = methanol-glacial acetic acid-water, 24.5:0.5:75 (v/v) 
(b) m.p. = methanol-glacial acetic acid-water, 39.5:0.5:60 (v/v) 
(c) m.p. = methanol-glacial acetic acid-water, 24.5:0.5:75 lv/v} 
(d) m.p. = methanol-glacfal acetic acid-water, 44.5:0.5:55 (v/v) 



To determLne if changing the proportions of glacial acetic acid could further 
improve the separation of the four vitamins with dillerent ion-pairing reagent. 
the proportion of the acid was gradually increased frolll O.5C16 to 2°10, The 
proportion of water and ion-pairing reagent were fixed as follows: 75% water 
and 5 mM PIC 13-5: 60%, water and 7 mM PIC 13-7: 75% water and 3 mM PIC 13
5 plus PIC 13-7; and 55%) water and 2 mM PIC 13-8 (Table 5). As can be seen in 
Figures lOa, lOb, 10c and 10d, all four combinations showed only rninor 
differences in the retention tim,es of the four vitamins with different anlounts of 
glacial acetic acid. However the absence of glacial acetic acid appeared to lead to 
peak tailing of pyridoxine. Therefore in most cases, 0.5% appeared to be the 
best percentage to use except fIDr the combination of PIC B-~) plus 13-7 where 2% 
acid was even better since it shortened the chromatography time to less than 18 
minutes. 

Table 5: 	 Effect of varying proportions of glacial aC4;~tic acid with sel'eral 
ion··pairing reagents 

Methanol Glacial Water Ion-pairing Chromatogranl 
acetic acid reagent 

(0/0) (0/0) (0/0) 

25.0 0 75 5 mM PIC 13-5 Fig. lOa 
24.!5 0.5 75 5 mM PIC 13-5 Fig. lOa 
24.0 1.0 75 5 mM PIC 13-5 Fig. lOa 
23.0 2.0 75 5 mM PIC 13-5 Fig. lOa 

40.0 0 60 7 mM PIC 13-7 Fig. lOb 
39.!5 0.5 60 7 mM PIC 13-7 Fig. lOb 
39.0 1.0 60 7 mM PIC 13-7 Fig. lOb 
38.0 2.0 60 7 mM PIC 13-7 Fig. lOb 

25.0 
24.S 

0 
o {:::.0 

75 
75 

3 mM PIC 13-5 + 13-7 
3 mM PIC 13-5 + 13-7 

Fi~~. 10c 
Fig. 10c 

23.0 1.0 75 3 mM PIC 13-5 + 13-7 Fig. 10c 
22.0 2.0 75 3 mM PIC 13-5 + 13-7 Fig. 10c 

45.0 0 55 2 mM PIC B-8 Fig. lOd 
44.5 0.5 55 2 mM PIC B-8 Fig. 10d 
44.0 1.0 55 2 mM PIC 13-8 Fig. 10d 
43.0 2.0 55 2 mM PIC 13-8 Fig. 10d 
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Figure 10. Effect of different proportions of glacial acetic acid on the separatio:~ of the f()ur EI
vitamins in the follOwing mobile phases 
(a) m.p. =methanol-glacial acetic acid-75% water with 5 mM PIC B-5 
(b) m.p. = methanol-glacial acetic acid-60% water with 7 mM PIC B-7 
(c) m.p. =methanol-glacial acetic acid-75% water with 3 mM PIC B-5 & 8-7 
(d) m.p. = methanol-glacial acetic acid-55% water with 2 mM PIC B-8 
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Summary ofmobile phase systelns 

The series of experiments carried out have shown that several 
combinations of methanol, glacial acetic acid and water may be used for 
satisfactory separation of thianline, riboflavin, niacin and pyridoxine. Each of 
these combination of solvents, however, has to be used in conjunction with the 
appropriate type and concentration of ion-pairing reagent. Based on the findjngs 
fronl this study" the best chromatography systems are shown in Table 6 and 
Figure 11. 

Table 6: 	 Mobile phase systems suitable for separation of thiamJ.ne. 
riboflavin, niacin and pyridoxine 

Methanol Glacial Water Ion-pairing Chromatogram 
acetic acId reagent 

(°10) (0/0) (%) 

24.5 0.5 75 5 mM PIC B-5 Figure lla 
34.5 0.5 65 5 mM PIC B-6 Figure lIb 
39.5 0.5 60 7 mM PIC B-7 Figure lIe 
22.0 2.0 76 :3 mM PIC B-5 + B-7 Figure lId 
44.5 0.5 55 2 mM PIC B-8 Figure l1e 

---~--• I ., 1" 

Figure 11. Chromatographs shOwing suitable mobile phase systems for the separation of the four 
B-vitamins. 
(a) methanol-glac:lal acetic aciid-water, 24.5:0.5:75 (v/v). with 5 mM PIC B-5 
(b) methanol-glac:ial acetic add water, 34.5:0.5:65 (v/v)' with 5 mM PIC B-6 
(c) methanol-glacIal acetic add water, 39.5:0.5:60 (v Iv). with 7 mM PIC B-7 
(d) methanol-glac:ial acetic acid-water, 24.5:0.6:75 (v/v). ...vith 3 mM PIC B-5 & PIC 8-7 
(e) methanol-glac:lal acetic acid-water, 44.5:0.5:55 (v/v). ...vith 2 mM PIC B-8 
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The best separation appeared to be the mobile phase with 34.5%) methanoll, 
0.50/0 glacial acetic acid and 65~o water with 5 m.M of PIC B-6, and the 
chromatography time was less than 8 minutes (Figure 11b). 

Conclusions 

Simultaneous separation of thiamIne. riboflavin. niacin and pytidoxine can 
be effected satisfactorily on a 30 crn by 3.9 mm LD. 10 Jlm IlBondapak C 18 
column using a ITlobile phase comprising of a mixture of 34.5% methanoL O.5QIcl 
glacial acetic acid and 65% water with 5 mM of PIC B-6. Quantitation of the 
vitamins can be carried out using an integrator, or a systern controller computer 
programme that enable quantitaUon and storage of chrornatography data. The 
developed method will next be used for the analysis of these B-vitamins in 
various pharmaceutical preparations and food samples. In the analysis of these 
samples, particularly for the latter. considerable amount of sanlple cleaning 
procedures have to be carried out prior to separation by HPLC. A series of 
studies will be carried out to detennine appropriate procedures for these 
analyses. 
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