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Abstract

A rapid, simple and precise method by HPLC (highfggenance liquid

chromatography) has been developed for simultanéetegsmination of water-

soluble vitamins as thiamine{B nicotinamide(B),

panthotenic(B),

pyridoxine(B) and biotin(B) in gum of Acacia nilotica using enzymatic

such as methanol 0.1M, sodium dihydrogen phosplpate= 2.5), (10:90 v/v)

is found most suitable for rapid separation andtifieation of this water —

soluble vitamins. Good linearity was observed betwéhe concentration of

analytes and peak area (r = 0.9999). Each vitamas wguantitatively

determined at its maximum wavelength. Recovery greéeges ranged from

97% to 99%.

Keywords: Water — soluble vitamins; Gum, Acaciatich; HPLC.

1. Introduction

Acacia gums have a complex and branched structnieh makes them have

good adhesive and cohesive properties. These piepeare useful in

pharmaceutical preparations. They are used as|derdaother adhesives and

as bulk laxatives. These hydrophilic polymers aseful as tablet binders,

emulsifiers,

suspending agents,

gelling agents bilitars,

thickeners,
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protective colloids and suspending agents keemhtpts [1].They can also be
used as tablet disintegrants [2]. Their adhesiapgnty could be used in the
apparatus of colostomies and also in fixing deptabkthesis [3]. For internal
use, they help in the preparation of medicines dotle coughs, diarrhea,
dysentery and hemorrhages; for external use, thbg imflammations, so the
presence of vitamins ifcacia gums is very important since vitamins are
essential for human healtH]. As far as we know, other researchers have not
reported the presence or absence of vitamin®s Bs, Bs, Bg in Acaciagum,
particularly that ofAcacia nilotica These vitamins are very important for the
production of energy (B, normal growth and developmentsjBthe regulation
of neurotransmitters (messengers of nerve impu(&:}) physical balance and
regulation of blood sugar gBand the processing of several products such as
glucose and fatty acids {B-[5]. Due to the nutritional importance of these
vitamins, microbiological assay and several anadytimethodologies have
been developed for the determination of these awobst in food,
pharmaceutical supplements and biological fluidsl(Q§ There are many
analytical methods for performing the assay of mits in food,
pharmaceutical and physiological specimens sudpestrophotometry [6, 11-
13] spectrophotoflurorimetry [7], voltammetry [8fhe gas chromatography
[15-17] and high performance liquid chromatograph8-28].Normally, it is
necessary to determine more than one vitamin; tladytical method must be

able to determine multiple components in compler@as, which can lead to

- { Formatted: Font color: Auto

The aim of this study is to develop a rapid andabé¢ technique for the
simultaneous determination of five water- solukitamins (B, Bs, Bs, Bs, and

B8) in gum ofAcacia niloticaby HPLC using the enzymatic hydrolysis.

2. Experimental
2.1. Reagents and chemicals

Methanol was of HPLC grade. Other chemicals sodium dihydrogen

phosphate (NajpPOs), sodium acetate, sulfuric acid 450, and acetic acid
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(CH,O,) (Sigma) were of reagent gradeSedivm—dihydrogen—phosphate
PN RO ) —sodivm—acatatesulurieacid{H. SO} -and—aecctieacH S H.O
{Sigma-Purified water was obtained from a Millipore Mill- system.
Standards of thiamine, nicotinamide, pantothenyeidpxine and biotin were
purchased from Sigma. Taka-diastase enzyme &spergillus oryzagowder,
slightly beige was obtained from Sigma. All chenscand reagents used are of

HPLC and were used without further purificatigkiso, Alall solutions were

filtered through a 0.45 pum membrane (Millipore)ptected from light and
stored at 4°C. The mobile phase of the HPLC systexm comprised of pure
methanol and sodium dihydrogenphosphate %43 (10:90 v/v).

2.2. Chromatographic conditions

The HPLC system (Agilent) was equipped with a putype technology
Agilent 1200 series, a vacuum degassing unit m@EB22A, a UV-VIS
spectrometer to 8 wavelengths, a fluorescence teté@1321 Agilent 1200

analysis the column was equilibrated at 30°C and a mamjettor uses an
injection valve sample seven lane Rheodyne 772%.chromatographic peaks
were recorded and elaborated automatically by eymmloa computerized
program ‘Agilent ChemsStation’. The analyzes werefgened by gradient
elution of wavelength at room temperature, at a ftate of 1 mL / min. The

total execution time required is less than 20 min.

The program of wavelength changes during elutiometifor five vitamins

determination in gum oAcacia niloticashown in Table 2.
2.3. Standard solutions

The vitamin stock solution: 100 mg/L were prepabgddissolving 10 mg of
each standard in 100 mL of methanol in dark voluimeflasks. These
solutions are stable hang at least one month wteedsin the dark at 4°C.
Working solutions were prepared from stock solwitwy appropriate dilution
with methanol and protected from light. The follogitable Table lillustrates

the calibration of the analytical method:



91 Table 1. Concentration of the standards used for plottivggcalibration curve

92 of five vitamins (B, B3, B5, B6, B8)
Vitamins Concentrations (mg/L)
Thiamine B 1.0, 5.0, 10.0, 15.0, 20.0, 30.0
Nicotinamide B 1.0, 5.0, 10.0, 15.0, 20.0, 30.0
Pantothenic B 1.0, 5.0, 10.0, 15.0, 20.0, 30.0
Pyridoxine B 1.0, 5.0, 10.0, 15.0, 20.0, 30.0
Biotin Bg 1.0,2.0,5.,10.0,15.0, 20.0, 30.
93
94 2.4 Sample preparation
95 1g of gumAcacia niloticawhich is a fine powder was accurately weighed in a
96 250 mL erlenmeyer flask, 10 mL of sulfuric acid (1Mas addedThe mixture
97 was thoroughly shaken, after the pH was adjustetl3onith sodium acetate
98 (2.5M), then 500mg of the enzyme Taka-diastaseirgiirwas added. The
99 solution was incubated at 37°C and protected froghtlall night. The
100 following content was filtered on 0.4B filter. Finally, 20uL of the extract
101 was injected into the HPLC system for analysis.
102
103 3. Results and Discussion
104 The determination of vitamins in gum &cacia nilotica is a complex
105 analytical problem for several reasons: gumAafacia niloticais a very
106 complex matrix, vitamins that are micro constitgeand vitamins are easily

107 destroyed by strong acids or alkalis, which is wig/ find that the enzymatic
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hydrolysis is a good solution for these problemsstF scan analysis of
standard vitamins was performed to check the optinwonditions for the
detection. Wavelengths were changed according g@oettition time of each

vitamin, as is shown in Table 2.

Table 2. Program ofwavelengthchanges during elution timfer five water-

soluble determinations igum Acacianilotica.

Vitamins Time (min) Waveengths (nm)
Biotin (Bg) 0.0- 2.t 204
Nicotinamide (Es) 2.6- 3.€ 261
Thiamine (Ey) 3.9-4¢F 234
Pyridoxine (Eg) 4.6-5.C 27t
Pantothénic aci(Bs) 5.1-7.C 21C

The mobile phase was composed of methanol and modiinydrogen
phosphate NapPO, (10:90) v/v) for the determination of vitaming, B3, Bs,
Bs, and B in gum Acacia nilotica A study of pH and the proportion of
methanol and NayO, were necessary to improve the resolution in tha gbi
Acacia niloticaformulae. When the proportion of methanol is 2@4tgmins
are eluted in less than 5 min, but there is anlapgueak of certain vitamins.
The pH of the mobile phase is extremely importamt the separation of
vitamins in order to overcome this problem, a daseein the proportion of
methanol by 186, which has the effect of providing a higher ratioh but

against party, the time of analysis.
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A choice of pH = 2.5 implies that most vitamins afemolecular form since
the pH is less than thekapeaksof all vitamins (B, Bs, Bs, Bs, Bg). Figure 1

shows the chromatogram of vitaming Bs, Bg in gum ofAcacia nilotica.

We note from the figure that gum Atacia niloticacontains a wide range of
vitamin Bg. The peak of vitamin Bwas detected at a retention time of about
2.2 to 2.4 min (Fig. 1, 2), with minor variationsm @ daily basis due to
temperature fluctuations in the laboratory [29]. dtber peaks were observed
at 204 nm. All calculations prove that vitamig iB in the order of 12,000 ppm.
A part from vitamin B, there are vitamins Band B but with low levels. We

can conclude that the method gives a good resalati@itamin Bs.
3.1. Characteristic of the HPLC method

The proposed method allows the resolution of variferms of vitamin B
especially B in gum ofAcacia niloticaby HPLC with UV detection. A reliable
chromatographic assay requires an acceptable tesplueasonable retention
times and good peak symmetry. Accordingly, in pnéliary studies optimal
chromatographic conditions were investigated irdignat elution system with
varying wavelengths. The advantage of gradientialus that the bandwidth
can be nearly constant at both early and tardatmadytes. Therefore an elution
system of five wavelengths has been developed avlikneficial effect on the
sensitivity of biotin. Representative chromatogramwith  other

chromatographic parameters are shown in Figureahd?Table 3.
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Table 3. High performance liquid chromatographic parametdrthe Acacia

gumseparation using thgradientelutionsystemty =tm =0.56 min.

Vitaming Chromatographiparametel
T & (min) R k’
Biotin Bg 2.306 3.11% 1.0 2.412(B:-
B8)
Nicotinamide E; 3.51: 5.27 1.5 2.087 (B-B3)
Thiamine B 4.242 6.575 19 3.872(B1-B8)

tr: retention time reduced; k’: Retention factor; RResolution factor; T: The

asymmetric peak

In practice, care must be taken to keep valuesfétior to 10 for a period of

reasonable analysis, values between 2 and 5 aetrert values.
3.1.1 Linearity

Six working solutions were prepared for each aeayhose range is between 1

Bs. The analysis was performed in triplicate to deiee the linearity of the
assay. The regression lines were calculated byntthod of least squares of

the areas of the peaks relative to the analyte.

The equations corresponding to the five regresaiatytes were
Bi: y=25.82754x+6.26753

Bs: y= 33.21959x-1.42661

Bs: y=7.15590x+5.776&

Be: y=13.70389x+9.16444%

Bg: y=11.89793x +2.37982

X: Amount ety: Area
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They were consistently linear in the already mewd range for all

compounds.

The linearity was checked by analysis of variantthe regression (Table 4).
A value of r above 0.9949 for all vitamin®<0.001) except for thiamine with
r = 0.9781. The coefficient of determinatiorf)(is more than 95.66% for
thiamine and 99.66% higher than for others. Siedinations of the same

sample were performed to assess the accuracy oféteod.

Table 4. Linearity of standard curvesf vitamins B, B3, Bs, Bs, and B

Vitamins r 3 Fexp DP P

Biotin (Bg) 0.994¢  99.8¢ 212471  1E (P<0.001
Nicotinamide(B) 0.9998  99.96  165492.10 1.5 P<0.001)
Thiamine (B1) 0.978: 95.6¢ 100026.! 1.t (P<0.001
Pyridoxine (B) 09998  99.96 2741753 15 P<0.001)
Pantothéni acid 0.999¢ 99.9¢ 7686.9° 1.t (P<0.001
(Bs)

F® (1.5; 0.001) = 6.61. F tab and Fexp are tabulateddaexparimental

Snedecor’s F values,respctivly in ANOVA analysi> Begrees of freedom

3.1.2 Accuracy and precision

Six determinations of the same sample were perfdnoeassess the accuracy
of the method. The following table illustrates thecuracy of the method for

the determination of vitamins;BBs, Bs, Bs, and B in gum ofAcacia nilotica
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Table 5. Peak area range acdncentration, correlation data of the calibrationves

and quantification limit of determined vitaminsgam of Acacia nilotica.

Vitamins Concentration Surface  Corréation Detection Quantification

range (mg/L) broad coefficient  limits(mg/L) limits(mg/L)

peak
Biotin (Bg) 1-3C 50.8342-  0.994¢  0.00¢ 0.02:
348.10776
Nicotinamide 1-3C 31.4545-  0.999¢  0.00¢ 0.02¢
(B3) 1000.048
Thiamine 1-3C 18.1421- 0.978.  0.01: 0.04:
(By) 714.6253
Pyrodixine 1-3C 14.3120+ 0.999¢  0.00: 0.007
(Be) 409.0012
Pantotenic 1-3C 8.0588t- 0.999¢  0.001 0.003¢
acid (Bs) 214.6708

3.1.3 Recovery

The recovery rate was tested by the standard additiocedure. One level was
used for each water-soluble vitamin in gum samp{€able 6). Mean
recoveries obtained were always satisfactory-higtem 99% for biotin, higher

than nicotinamide 98.8 %, and higher than thiamine.



208 Table 6. Study of determiningrecovery rateby the addition of50QuL of

209 ’\!It@mlﬂ§7%_,7 53, @l:lq &r 777777777777777777777777777777777777777 ) - - {Comment [P3]: It should be controlled.
o ‘[Formatted: Not Superscript/ Subscript
Biotin Nicotinamide Thiamine
Found Recovery %  Found Recovery % Found Recovery %
No test value N RSD value % RSD value % - F( Formatted: Font: Bold
(mg/L) (mg/L) (mg/L)
1 19947 99.C 0.2: 5.04 98.¢ 0.91 2.81¢' 97. 1.2¢

210

211 4. Conclusion

212

213

214 syridesdne-Sa)-bistn (B -incumelAcosioniletica-by-enzymatic- hydrelysis.

215 In this work, we optimized HPLC conditions for deténation of the water-

216 soluble vitamins such as thiamine Bnicotinamide (B), pantothenic acid

217 (Bs), pyridoxine (B), biotin (Bg) in gum of Acacia niloticafollowing sample

218 preparation by enzymatic hydrolyS'he chromatographic separation was

219 performed on a { reverse phase, and vitamins are detected at etiffer

220 wavelengths by UV-visible. This method is rapidngie, and reliable and

221 saves a significant amount of reagent.
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