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Abstract 
This study describes the analysis of baby foods regarding time-dependent changes of d-pantothenate and 
niacin by a new capillary electrophoretic method at first and fifteenth days of opening the packages. D-
pantothenate amounts in eight of the samples were found to be higher than those identified in the Turkish 
Standard and it was not detected in the nine samples. Niacin was not detected in the seven samples. Losses 
of mentioned vitamins were observed at the fifteenth-day for all samples 
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BEBEK MAMALARINDA BAZI VİTAMİN DEĞİŞİMLERİNİN
KAPİLER ELEKTROFOREZ İLE İNCELENMESİ

Özet
Bu çalışma, bebek mamalarının paketin açıldığı birinci ve onbeşinci günlerdeki d-pantotenat ve niasinin 
değişiminin yeni bir kapiler elektroforetik yöntemle zamana bağımlı olarak değişimini tanıtmaktadır. Se-
kiz numunede D-pantotenat miktarı Türk Standartlarının belirlediği değerlerden yüksek bulunmuş, dokuz 
numunede bulunmamıştır. Yedi numunede niasine rastlanmamıştır. On beşinci günde tüm numunelerde 
vitamin kayıbı gözlenmiştir.
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INTRODUCTION
Baby foods are nutritionally inferior to breast 
milk, and superior to other substitutes such as 
animal milk. They have special functions in diets 
of infants because they are the major source of nu-
trients and a unique source of food during the first 
months of the infants’ life (1-4). Nutritional con-
tent of infant formulas can be changeable depend-
ing on the producing country, but all formulas 
include protein, fat, linoleic acid, calcium, some 
elements and ions, phosphorus, iodine and certain 
vitamins in different amounts. As it is known, vi-
tamins play an important role for healthy growth 
and development. They are a broad group of or-
ganic compounds with their small amounts, but 
essential constituents of food required for the nor-
mal growth, self-maintenance and functioning of 
human. Each one has different specific and vital 
functions in metabolism, and their lack or excess 
produces specific diseases. Human body can not 
produce vitamins and they should be taken by 
food or drugs. Moreover, they are not stored in the 
body, so it is needed to get a consistent amount on 
a regular basis. Vitamins have more importance 
for babies and children compared to the adults for 
healthy growth (5). Therefore, every step of their 
preparations should be inspected. For that pur-
pose fast, easy and reliable methods are used for 
the determination of vitamins in baby foods.

The analytical methods used for the determina-
tion of vitamins especially for baby foods include 
chromatographic (6-14), high performance liq-
uid chromatography-mass spectrometry (15) and 
biosensor based-assays (16). Among them, limited 
numbers of high performance liquid chromato-
graphic (HPLC) reports on the water soluble vita-
mins have been published.

In the mentioned reports, different styles of analy-
sis have been employed such as different elution 
modes, various mobile phases, detectors and ion-
pair technique (6, 12).

It is known that HPLC is a time and material con-
suming method which needs preliminary steps to 
prepare the sample before injection. For that rea-
son, capillary electrophoresis (CE) was preferred 
for the determination of vitamins in baby foods. 
It is mentioned that CE has been a relatively new 
separation technique used in food analysis recent-
ly (17-20). It has the advantages of high efficiency 
and resolution, automation, and rapid analysis du-
ration. It is particularly suitable in the analysis of 

complex natural matrices, owing to its high reso-
lution. Up to now, to the best of our knowledge, 
no capillary electrophoresis technique has been 
applied for the determination of water-soluble vi-
tamins in baby food.

The objective of this research is to develop a new 
modified method for simultaneous determination 
of certain water-soluble vitamins in baby food by 
using CE and to examine the vitamin changes de-
pending on the storage time. For this purpose, cal-
cium D-pantothenate (D-PAN) and niacin (NIA) 
were selected randomly. There is a warning on 
the label of the packages of baby foods indicating 
that they should be consumed within two or three 
weeks after opening of the packages. Therefore, 
baby food samples were analyzed at first and fif-
teenth days.

MATERIALS AND METHODS
Apparatus, Reagents and Chemicals

A CE-L1 injection and power supply module sepa-
rated the compounds and a Class Elegance Sta-
tion (CE Resources Pte Ltd., Ayer Rajah Crescent, 
Singapore) provided the capillary electrophoresis 
(CE) signals. SPD-M10 a VP Diode Array Detec-
tor (DAD) (Shimadzu, Kyoto, Japan) detected the 
signals, and Class VP software (Shimadzu, Kyoto, 
Japan) processed the data. An uncoated fused sili-
ca capillary (Unimicro Technologies Inc., Califor-
nia, USA) having an ID of 75 μm was employed for 
resolution.

A Sonorex Ultrasonic Bath (Bandelin, Berlin, Ger-
many) for degassing all of the solutions after cen-
trifugation and a model of pH 301 pH/Ion meter 
with a Hanna HI 1131 glass electrode measured 
solution’s pH (Hanna Instruments, Sarmeola di 
Rubano, Italy), a Daigger Vortex Genie 2 G 560-E 
(Scientific Industries Inc., Bohemia, USA) model 
vortex for dissolving and mixing baby food sam-
ples were used.

D-PAN and NIA were supplied from Fluka (Bu-
chs, Switzerland) and methyl paraben (IS), borax, 
methanol, acetonitrile and sodium hydroxide were 
supplied from Merck (Darmstadt, Germany). All 
other chemicals were of analytical-reagent grade 
(Merck).

High quality water was obtained using a Model of 
Water Pro PS Labconco Corp. (Kansas City, USA). 
All standard solutions were daily prepared.
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Baby food samples belonging to one brand were 
supplied from a local market. But, they had differ-
ent contents such as without soy milk, soy protein, 
prebiotic fortified, special diet baby food, rice, dif-
ferent cereals or without cereals and etc. in the in-
fant formula, up to 6 months, follow-on formula 
and from 6 months to 12 months categories.

Original packages of the samples of baby food 
were opened just before the analyses and they 
were analyzed capillary electrophoretically. The 
opened packages were stored for fifteen days at 
dry and cool home conditions by complying with 
the instructions on their labels. Then the men-
tioned analyses were performed once more at the 
fifteenth day. 

Procedures
CE analysis
Preparation of CE solutions

Aqueous solution of 100 mM borate was prepared 
in a 100-mL flask. The stock solution was diluted 
to 20 mM with double distilled water. The pH of 
the solution was adjusted to 8.5 by the addition 
of 1 M HCl and this was used as a run buffer or 
solvent for the baby foods. It was always degassed 
in a sonicator for five minutes. 10 mM phosphate 
solution (10% MeOH, v/v) was used for extraction 
procedures. Vitamin standard solutions were pre-
pared in 10 mM phosphate solution (10% MeOH, 
v/v) and their dilutions were made with the same 
solution. A 1.29x10-3 M concentration of methyl-
paraben (internal standard, IS) was dissolved in 
water. All standard solutions were prepared daily 
by appropriately diluting their relevant stock solu-
tions.

Although there were no reports of photo-sensitiv-
ity, all solutions were stored in the light-free and 
refrigerated conditions.

CE conditions 

An uncoated fused silica capillary (total and effec-
tive lengths of 75 cm and 50 cm, respectively, and 
internal diameter of 75 µm) was used through-
out the study. The capillary was conditioned and 
cleaned with solutions of 0.1 M sodium hydroxide 
(3 min.), water (3 min.) and a separation buffer 
(3 min.). Capillary column was flushed with the 
same solutions for same period of time after each 
injection. All experiments were conducted with an 
applied voltage of +18 kV (330 V/cm); the result-
ing current in the capillary was around 24 μA. A 
sample was injected through the capillary for 10 

seconds at low hydrodynamic injection mode, and 
separated for 18 minutes in the separation run-
ning buffer. Signals were recorded at 200 nm.

CE extraction procedure and preparation of samples 

Prior to CE analysis, fat of baby foods were re-
moved by soxhlet extraction using diethyl ether. 
The dried fatless material was accurately weighed 
1.5 g, it was placed into a test tube and 9 mL of pH 
4 buffer solution (10 mM phosphate, 10% metha-
nol, v/v) was added. A 5 mL aliquot of the solution 
was transferred to a test tube. 8 mL of acetonitrile 
was added and this mixture was centrifuged. A 4 
mL aliquot of the solution was transferred into test 
tube, and then 1 mL of 1.29x10-4 M IS was with-
drawn. The entire combination was vigorously 
shaken, and then it was injected to the CE for the 
determination of D-PAN and NIA.

Validation Studies

The method was validated according to ICH 
Guidelines for validation of analytical procedures 
(21). The precision of the method was determined 
as intra-day and it was evaluated by assaying the 
samples of the same concentration during the 
same day. Three sets (l=3), each one having fixed 
amount of IS (2.58x10-4 M) and five dilutions 
(n=5) with increasing concentrations of D-PAN 
(1.62x10-5 M-1.35x10-4 M) and NIA (1.86x10-5 M-
1.19x10-4 M) were prepared and they were injected 
to the CE at the optimum conditions. Quantifica-
tion of peaks was accomplished by using the ratio 
of peak normalization of relevant vitamins and IS 
calculated (ratio of peak normalization is equal to 
the peak normalizations of D-PAN or NIA / peak 
normalization of IS) and the results were evaluated 
by linear regression analysis which was based on 
least square method.

The data were processed by Excel and GraphPad 
Prism statistical program (Version 3.02) through-
out the study. 

RESULTS AND DISCUSSION
The vitamin analyses of twenty-six baby foods 
were realized during fifteen-day period of screen-
ing (the samples were taken at first and fifteenth 
days). Capillary electrophoretic method was ap-
plied for the analysis on D-PAN and NIA because 
of its easiness and simplicity.

The analysis of vitamins by capillary electropho-
resis
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A run buffer consisting of 20 mM borate at pH 
8.5 was used for the determination of D-PAN and 
NIA by using low hydrodynamic injection mode 
of 10 seconds and applying 18 kV potential, de-
tecting at 200 nm employing CE.

There are many studies that were performed by 
CE for the determination of water soluble vitamins 
in different samples (17, 22-25). For this purpose, 
micellar electrokinetic chromatography has been 
mostly used, but we have tried to analyze D-PAN 
and NIA employing CE.

In the optimum conditions, the peaks for IS, D-
PAN and NIA appeared, in turn, 10.0, 12.5 and 
13.5 min, in the electropherogram. The signal of 
the electroosmosis was consistently observed at 
around 4.3 min. (Figure 1).

Method Validation

After elucidation of the conditions presented abo-
ve, the validity of the method was tested obeying 
the ICH suggestions (21).

Repeatability

Fixed concentration of D-PAN and NIA with IS 
was injected five times into the CE in the opti-
mum conditions. Based on the results, the area 
of the peaks and peak normalizations (PN= peak 
area/peak retention time) and the rate of the peak 
normalizations (R= PNvitamin/PNIS) were evaluated. 
The experiments’ precision increased in accor-

Figure 1

The electropherogram of standard vitamins and IS (methyl 
paraben), 20 mM borate buffer (pH 8.5), 10 s hydrodynamic 
injection, 18 kV, 200 nm, IS (2.58x10-5 M), D-PAN (4.43x10-5 
M), NIA (1.86x10-5 M).
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Figure 1. The electropherogram of standard vitamins and IS (methyl paraben), 20 mM borate 
buffer (pH 8.5), 10 s hydrodynamic injection, 18 kV, 200 nm, IS (2.58x10-5 M), D-PAN 
(4.43x10-5 M), NIA (1.86x10-5 M). 
 

dance with the rate of peak normalization. This 
can be attributed to the fact that the use of peak 
normalization and the processing of the internal 
standard become more repeatable by the use of 
the internal standard method. The results of repe-
atability tests, executed as intra-day precision, are 
demonstrated in Table 1.mostly used, but we have 
tried to analyze D-PAN and NIA employing CE.

In the optimum conditions, the peaks for IS, 
D-PAN and NIA appeared, in turn, 10.0, 12.5 and 
13.5 min, in the electropherogram. The signal of 
the electroosmosis was consistently observed at 
around 4.3 min. (Figure 1).

Table 1. The repeatability results respect to the rate of 
peak normalization values (PNvitamin /PNIS) for intra-day, 
CIS=2.58x10-5 M, (n=5)

a x is mean.
b SD is standard deviation.
c RSD % is relative standard deviation.
d CL is confidence limits at (P=0.05).

Vitamins

D-PAN (7.27x10-

5 M)
NIA (1.00x10-4 M)

x a 1.58 1.83

SD b 0.02 0.04

RSD % c 1.67 2.20

±CL(p=0.05) d 0.02 0.05

The RSD values, which represent the repeatability, 
are 1.67 and 2.20 and these results indicate us that 
the method is very precise.

Calibration, limit of detection (LOD) and limit of 
quantification (LOQ)

Standard dilutions of D-PAN and NIA were pre-
pared in the range of 1.62x10-5-1.35x10-4 M for 
D-PAN and 1.86x10-5-1.19x10-4 M for NIA as sta-
ted in the experimental section. They were injec-
ted through the capillary at the optimum condi-
tions.

The calibration equations of D-PAN and NIA were 
separately computed so that it was based on least 
square method. Besides, correlation coefficients, 
LOD and LOQ values were also calculated.

The relevant results are presented in Table 2.
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Figure 2. The electropherogram of one type baby food and IS (CIS=2.58x10-5 M), 20 mM 
borate buffer (pH 8.5), injecting 10 s, applying 18 kV (direct polarity), recording at 200 nm. 
 
Table 1. The repeatability results respect to the rate of peak normalization values (PNvitamin 
/PNIS) for intra-day, CIS=2.58x10-5 M, (n=5) 
 Vitamins 
 D-PAN (7.27x10-5 M) NIA (1.00x10-4 M) 
x a 1.58 1.83 
SD b 0.02 0.04 
RSD % c 1.67 2.20 
±CL(p=0.05) d 0.02 0.05 

a x is mean. 
b SD is standard deviation. 
c RSD % is relative standard deviation. 
d CL is confidence limits at (P=0.05). 
 
Table 2. The results of linearity and LOD, LOQ values for D-PAN and NIA. 

 

a in the CE conditions as in Figure 1. 
b In the regression equations, the X value is the concentration of analyte as molarity, the Y is 
the rate of the peak normalization value. 
c correlation coefficient. 

Vitamin Regression equation b     r c Lineer range (M) LOD (M) LOQ (M) 
D-PAN Y=22914X-0.0839 0.9985 1.62x10-5-1.35x10-4 2.62x10-6 8.64x10-6 
NIA Y=17693X+0.0586 0.9999 1.86x10-5-1.19x10-4 6.78x10-6 2.24x10-5 

Figure 2

Figure 2. The electopherogram of one type baby food and 
IS (CIS=2.58x10-5 M), 20 mM borate buffer (pH 8.5), injecting 
10 s, applying 18kV (direct polarity), recording at 200 nm.

Highly repeatable and a good linearity was ob-
tained for D-PAN and NIA and their LOD and 
LOQ values are low enough.

Baby food sample analysis by CE

The developed CE method was applied to the 
baby foods. D- PAN and NIA were analyzed in the 
twenty six of baby food samples employing the op-
timum CE conditions. A typical electropherogram 
of a sample is shown in Figure 2.

matrix effect. Generally, loss for D-PAN was usu-
ally observed at fifteenth day after opening their 
packages in all samples. It is thought that one of 
the reasons of the loss of the vitamins in baby 
foods can be sourced from the storage as in the lit-
erature (12). Our data are in agreement with the 
mentioned study.

NIA has not been detected in the Samples 2, 3, 5, 
11, 12, 19 and 20. It was determined in the interval 
of Turkish Standard limits for all the other sam-
ples (26-29). The loss for NIA for all samples was 
observed at fifteenth day.

Conclusions
The possible changes of certain vitamins (D-PAN 
- NIA) in baby foods were examined for fifteen 
days in this study. A new capillary electrophore-
sis method was developed for the mentioned vi-
tamins by using a simple extraction procedure. 
Good results were obtained with a 15-minute 
CE analysis. The limits of detection and quanti-
fication for D-PAN and NIA were calculated to 
be 2.62x10-6M, 8.64x10-6 M and 6.78x10-6 M and, 
2.24x10-5 M, respectively. According to the results 
of above mentioned CE analysis, D-PAN amounts 
in the Sample 9, 15, 16, 21, 22, 24, 25 and 26 were 
higher than those identified in the Turkish Stan-
dard (26). D-PAN was not detected in the samples 
2, 3, 5, 6, 7, 11, 12, 19 and 20. NIA was not detected 
in the Samples 2, 3, 5, 11, 12, 19 and 20. Amounts 
of the D-PAN and NIA were determined in the in-
terval of Turkish Standard limits for all the other 
samples (26-29). It was determined that there were 
some losses in the amount of D-PAN and NIA 
within fifteen days analysis.
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Table 2. The results of linearity and LOD, LOQ values for D-PAN and NIA.

a in the CE conditions as in Figure 1.
b In the regression equations, the X value is the concentration of analyte as molarity, the Y is the rate of the peak normalization 
value.
c correlation coefficient.

Vitamin Regression equation b  r c Lineer range (M) LOD (M) LOQ (M)

D-PAN Y=22914X-0.0839 0.9985 1.62x10-5-1.35x10-4 2.62x10-6 8.64x10-6

NIA Y=17693X+0.0586 0.9999 1.86x10-5-1.19x10-4 6.78x10-6 2.24x10-5

Since there are many peaks appeared, the peaks 
were detected by spiking D-PAN and NIA before 
quantification. The vitamin contents of various 
baby foods are demonstrated in Table 3.

It was found that D-PAN amounts in the Samples 
9, 15, 16, 21, 22, 24, 25 and 26 were higher than 
those identified in the Turkish Standard (26). D-
PAN has not been detected in the samples 2, 3, 5, 
6, 7, 11, 12, 19 and 20. It can be attributed to the 
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