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Abstract

A simple method for the determination of glucosamine and lactose in milk-based formulae by high-performance liquid

chromatography (HPLC) with refractive index detector was developed and validated. Samples were cleaned up just by protein

precipitation before HPLC analysis. Separation was achieved with a Shodex Asahipak NH2P-50 column. The method showed good

linearity, sensitivity, precision and recovery, and proved very simple and rapid for routine analysis since separation was completely

achieved at 10min.

r 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The dairy industry has made several attempts to improve
the quality and the nutrient contents of milk-based
formulae. In order to develop special products for specific
people, some ingredients have been added to the milk
powder. For example, calcium is added to prevent
osteoporosis that frequently affects old people, while some
vitamins and minerals are used in the formulae for
pregnant women. And recently glucosamine (GLcN) is
started to be added into the milk powder. GLcN is a
natural component of the glycoproteins present in con-
nective tissue and gastrointestinal mucosal membrane and
acts as a building block of glycosaminoglycans (Setnikar
and Rovati, 2001; Bassleer et al., 1998; Barclay et al., 1998;
Hawker, 1997). In vitro studies have shown that GLcN
stimulates the production of proteoglycans via chondro-
cytes activation and increases the absorption of sulfate
uptake by articular cartilage, thus helping to rebuild
e front matter r 2007 Elsevier Inc. All rights reserved.
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cartilage, slow down or even stop the progression of
osteoarthritis (OA) (Houpt et al., 1999). OA is a type of
arthritis that is caused by the breakdown and eventual loss
of the cartilage of one or more joints. Among the over 100
different types of arthritis conditions, OA is the most
common, and occurs more frequently with ageing. Its
prevalence after the age of 65 years is about 60% in men
and 70% in women (Sarzi-Puttini et al., 2005).
Lactose is the main carbohydrate in dairy products. This

disaccharide is composed of glucose and galactose and is
the only saccharide synthesized by mammals. Lactose plays
an important role in the formation of the neural system
and the growth of skin (texture), bone skeleton and
cartilage in infants. It also prevents rickets and saprodontia
(Emmett and Rogers, 1997).
GLcN and lactose are both saccharides. The classic

method for the determination of saccharides is chemical
analysis as well as the enzyme-catalyzed method and
spectrophotometry (Brereton et al., 2003; Gonzáles et al.,
2003; Salvador et al., 2002). The major disadvantage of
these three methods consists in the difficulty of evaluating
different saccharides simultaneously. One of the methods
commonly used in saccharide analysis is gas chromato-
graphy (GC), which has been used in the study of milk
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(Troyano et al., 1994a, b; Olano et al., 1989), dried
skim milk (Troyano et al.,1994a, b) and pasteurized milk
(Ruas-Madiedo et al., 2000). Although GC is a sensitive
method for saccharide analysis, sample preparation is
laborious because saccharides must be derivatized before
GC analysis. The procedure is too tedious to be used
routinely. Lately, in many studies, high-performance liquid
chromatography (HPLC) has been used to separate and
determinate the saccharides. HPLC with refractive index
(RI) detection is a powerful technique for quantifying
various types of saccharides (Chávez-Servı́n et al., 2006;
Knutsen et al., 2001; Yuan and Chen, 1999).

Our main object in this study was to establish and
validate a sensitive, reliable and selective analytical method
for the determination of GLcN in milk samples. Since
lactose is a main saccharide in milk samples, it is best to
determine it simultaneously in the method established. To
meet these requirements, we developed an HPLC method
with RI detection. The sensitivity, precision and accuracy
of this method should be sufficiently acceptable to permit
quantification of the GLcN and lactose in milk-based
formulae.
2. Materials and methods

2.1. Equipment

The chromatographic analysis was carried out in a
Waters high-performance liquid chromatograph equipped
with a 515 Series pump, a Waters column heater module, a
2410 refractive index detector and a Rheodyne 7725
manual injector (Cotati, CA, USA) with a 20 mL sample
loop. The chromatographic separation was achieved with a
Shodex Asahipak NH2P-50 column (4.6� 250mm, 5 mm)
from Showa Denko (Japan).
2.2. Chemicals

The chemicals such as sodium oxalate, sodium hydrogen
phosphate and lead acetate used for sample preparations
were of analytical reagent grade. Acetonitrile was of HPLC
grade and purchased from B&J (Muskegon, USA). The
standard saccharides (glucosamine hydrochloride, lactose),
obtained from Sigma (St. Louis, MO, USA), wereX99.0%
pure.
2.3. Sample

The milk-based formulae powder supplemented with
glucosamine was obtained from a firm in Qingdao, China.
According to the label, the composition of the formulae
was as follows: carbohydrate 45%, protein 34%, fat 15%,
Vitamin A 1300 IU/100 g, Vitamin B1 500mg/100 g and
calcium 650mg/100 g. The samples were maintained at
room temperature.
2.4. Sample preparation

Powdered sample of 0.5 g was accurately weighed and
transferred to a 25mL volumetric flask with 5mL of
distilled water added and homogenized for 2min. Then
1.5mL lead acetate solution (20%, w/v), 1.5mL mixed
solution of sodium oxalate (1.5%, w/v) and sodium
hydrogen phosphate (3.5%, w/v) were added and re-
homogenized for an additional minute. The solution was
made up to 25mL with distilled water. The sample was
then left to stand for 30min and filtered by dry filter paper.
Finally the filtrate was passed through a 0.22 mm nylon
filter from Yadong Resin Ltd. (Shanghai, China) before
liquid chromatographic analysis.

2.5. Chromatographic conditions and quantification

Separation was performed at 35 1C using water–acetoni-
trile (30/70, v/v) as the mobile phase and at a flow rate of
1mL/min. The injection volume was 20 mL (filling the loop
completely). The total run time was 10min between each
routine injection. Peaks were identified by comparing
retention time with sugar standards. The respective peak
areas were used for the quantitative analysis. Calibration
curves for each sugar were prepared at six levels, from 0.2
to 10mg/mL for glucosamine and 1–20mg/mL for lactose,
all dissolved in water.

3. Results and discussion

3.1. Optimization of chromatographic conditions

We first tested the mobile phase of water–acetonitrile
(35/65, v/v). Since complete separation of the peaks was
not possible, we orderly lowered the quantity of water to
30% and 25%, and encountered the best resolution and
effective separation of the chromatographic peaks with the
mobile phase of water–acetonitrile (30/70, v/v). Fig. 1
shows the typical chromatograms of saccharide standards
and saccharides in milk-based formulae.

3.2. Sample preparations tested

Since the protein content in the milk-based formulae was
high, precipitation was needed to prevent the protein from
emulsification. We tested several precipitators, such as
acetic acid (Brendon and Harvey, 2007), zinc acetate and
potassium ferrocyanide (Li and Han, 2002), lead acetate,
sodium oxalate and sodium hydrogen phosphate (Liu and
Chen, 1995). The last kind showed better results than the
other precipitators, for its higher recoveries and less solvent
consumption. It had the highest recovery of 96.5%, while
zinc acetate and potassium ferrocyanide 92.5% and acetic
acid 93.2%. The precipitators used completely precipitated
all the substances which might interfere with sugar analysis
and got stable baseline.
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3.3. Validation of the proposed method

3.3.1. Linearity

Under the chromatographic conditions described
above, a linear relationship between the concentrations
of saccharides and peak areas was found with standard
solutions at different concentrations. For glucosamine and
lactose, the r2 values were both 40.99 (Table 1).
640

480

320

160

0

2 4 6 8

(Min)

1 2

800

640

480

320

160

0
2 4 6 8

(Min)

1

(m
ν)

Fig. 1. Typical chromatograms of saccharide analysis by the HPLC

method. Saccharide peaks: 1, glucosamine; 2, lactose. (A) Saccharide

standards and (B) milk-based formulae sample.

Table 1

Regression equation and detection limit

Component Regression equationa C

(mg/mL)

r2b Lin

(mg

Glucosamine Y ¼ 14.613X�2.7433 0.9987 0.2–

Lactose Y ¼ 16.79X�0.6534 0.9991 1–2

aX: concentration (mg/ml); Y: peak area.
bDetermination coefficient.
3.3.2. Sensitivity

To check the sensitivity of the method under the working
conditions proposed, the detection limit (DL) and the
quantification limit (QL) were studied. DL and QL were
determined by signal-to-noise ratio (S/N). The DL was
defined as the lowest concentration level when the S/N was
3:1, while the S/N was 10:1 for the QL. The sensitivity
results showed that the DLs for glucosamine and lactose
were 0.11 and 0.13mg/mL, while the QLs were 0.21 and
0.24mg/mL. Results obtained showed good sensitivity
(Table 1).

3.3.3. Precision

To evaluate the repeatability of the method, six replicate
determinations of glucosamine and lactose in a milk-based
formulae sample were performed using the same reagents
and apparatus on the same day. The RSD value obtained
was satisfactory (Table 2).

3.3.4. Recovery

For recovery, standards of glucosamine and lactose were
added in a known mass at two levels in a previously
analyzed formulae sample. Six determinations were carried
out for each addition level. Results were reported in
Table 3 and showed excellent recoveries. Recovery was
ear range

/mL)

Detection limit

(mg/mL)

Quantification limit

(mg/mL)

10 0.11 0.21

0 0.13 0.24

Table 2

Precision of the method

Component Repeatability (n ¼ 6)

Mean (g/100 g) SD RSD (%)

Glucosamine 4.85 0.06 1.26

Lactose 33.53 0.36 1.06

Table 3

Recoveries of the method

Component Initial

(g/

100 g)

Added

amount

(g/100 g)

Found

amount

(g/100 g)

Recovery

(%)

RSD

(%)

Glucosamine 4.85 2.00 1.93 96.5 2.28

6.00 5.89 98.2 2.74

Lactose 33.53 3.00 2.91 97.1 2.03

10.00 9.79 98.0 2.45
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determined from

%Recovery ¼
Increased amount

Added amount
.

4. Conclusion

The chromatographic method proposed allowed rapid
and complete resolution of glucosamine and lactose in a
chromatographic run. The results of saccharides analysis in
milk-based formulae sample were given in Table 2,
containing 4.8570.06 g/100 g of glucosamine and 33.537
0.36 g/100 g of lactose. According to the results of the
reliability study, the method proposed was precise and
accurate, and showed appropriate sensitivity for applica-
tion to the determination of glucosamine and lactose
simultaneously in milk-based formulae.
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