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ABSTRACT

Glucosamine (GIcN, 2-amino-2-deoxy-D-glucose) is an amino sugar and a key structural component of
cartilage, commonly produced from animal sources, microbial fermentation, and fungi. Owing to its
extensive applications in osteoarthritis treatment, dietary supplements, and cosmetic formulations,
achieving high glucosamine purity is essential. This study investigates the purification of glucosamine
using cooling crystallization, a method that induces supersaturation through controlled temperature
reduction. Optimal crystallization was achieved from a saturated feed solution at 0 °C under 500 rpm
agitation for 6 h. SEM analysis showed that the obtained crystals exhibited smooth and compact
morphology. FTIR analysis confirmed the presence of characteristic functional groups, including O-H
(3283 cm™), N-H (1657.97 cm™), and C—N (1154.28 cm™'). HPLC analysis yielded a retention time of
1.962 min, indicating successful purification. These results demonstrate that cooling crystallization is an
effective and straightforward technique for producing high-quality glucosamine suitable for
pharmaceutical and cosmetic applications.
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1. INTRODUCTION

Glucosamine (GIcN, 2-amino-2-deoxy-D-glucose) is an amino sugar naturally present in the human body
and functions as a fundamental structural component of cartilage. Glucosamine units polymerize to form
glycosaminoglycans, which constitute essential carbohydrate chains in connective tissues. These chains
subsequently assemble into proteoglycans that bind to core proteins and play critical roles in regulating
cell growth and differentiation [1].
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Glucosamine is widely applied in the health sector, particularly in osteoarthritis therapeutics, dietary
supplements, and cosmetic formulations designed to enhance skin condition. Its broad functional benefits
and commercial relevance have increased the demand for high-quality glucosamine products.
Consequently, the development of efficient, scalable, and cost-effective glucosamine production and
purification methods has attracted substantial research interest [2].

Glucosamine is commonly produced from chitin, a natural polysaccharide composed of N-
acetylglucosamine units linked through B(1—4) glycosidic bonds [2]. Chitin deacetylation generates
chitosan, which serves as an intermediate substrate for glucosamine production. Chitosan is a copolymer
of N-acetylglucosamine (GIcNAc) and B(1—4)-2-amino-2-deoxy-D-glucopyranose (GIcN), typically
containing more than 50% glucosamine units. Chitosan can be hydrolyzed using hydrochloric acid or
degraded by Serratia marcescens KAHN 15.12 to yield glucosamine hydrochloride and N-
acetylglucosamine [3].

GlcN can also be produced through the enzymatic hydrolysis of chitosan using enzymes such as cellulase,
pectinase, pepsin, papain, neutral proteases, lipases, and a-amylase [4]. This enzymatic approach offers
notable advantages, including high substrate specificity and high product yield, while maintaining the
integrity of the glucose ring structure [5]. However, the hydrolysate obtained from this process generally
remains in solution form and contains various impurities. Therefore, additional purification steps are
required to obtain glucosamine of suitable quality for further applications.

One of the purification methods currently being explored for glucosamine production is purification via
crystallization. Crystallization involves the formation of solid crystals from a solution as it undergoes
heating, saturation, cooling, and subsequent precipitation [6]. This technique is frequently selected due to
its cost-effectiveness and suitability for large-scale purification. In this process, supersaturation plays a
critical role, as it governs the initiation of crystal nucleation and significantly influences the subsequent
crystal growth dynamics [7].

Various crystallization techniques have been developed, among which cooling crystallization is widely
favored due to its simplicity and ability to produce high-quality crystals [8]. This method has been applied
in several studies, including saturation simulation and feedback-controlled semi-batch cooling
crystallization investigations on the influence of mixing on the size distribution of borax decahydrate
crystals in batch cooling crystallization [9], and the crystallization of patchouli alcohol from patchouli oil
[5]. Therefore, the present study aims to evaluate the crystallization performance of the cooling
crystallization method for the purification of glucosamine.
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2. METHODS
2.1 Materials

The materials used in this study included glucosamine obtained from Sigma-Aldrich (CAS No. 66-
84-2) and distilled water.

2.2 Crystallization Process

Figure 1 shows the crystallization equipment used in this study. Glucosamine solutions were prepared
at concentrations of 45% w/v (supersaturated) and 21% w/v (unsaturated). Each solution was
transferred into a saturator tank (4) and maintained at 60 °C until reaching saturation, which was
confirmed when additional glucosamine no longer dissolved. The saturated solutions were stirred at
300, 400, or 500 rpm and subsequently directed to a cooling tank (5), where the temperature (3) was
controlled at either 0 °C or 25 °C for cooling periods of 2, 4, or 6 h. After cooling, the suspensions
were filtered using a vacuum filtration unit (7) to recover the glucosamine crystals, which were then
collected and weighed.
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Figure 1: Crystallization equipment: (1) Temperature controller, (2) Thermocouple, (3)
Thermometer, (4) Saturator tank, (5) Cooling tank, (6) Cooling water, (7) Slurry tank, and (8)
Vacuum filter.

2.3 Yield Measurement
Product yield was calculated based on the mass of crystals recovered relative to the initial material used.
The percentage yield was determined using Equation (1):

Yield (%) =

Amount of material produced (g)

x 100% (1)

Amount of material before processing (g)
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2.4 Characterization

Scanning Electron Microscopy (SEM) (JEOL JSM-6510LA) was performed to examine the surface
morphology of glucosamine crystals before and after crystallization. Samples were dried, mounted on
aluminum stubs, and sputter-coated with gold. Imaging was conducted at magnifications of 1,000%,
2,000%, 5,000%, and 10,000x to observe changes in crystal structure and compactness.

FTIR analysis (Perkin-Elmer UATR Spectrum Two) was performed to identify the functional groups
present in the glucosamine crystals. Spectra were collected in the range of 4000—400 cm™'. This analysis
enabled the confirmation of characteristic vibrational bands associated with O-H, N-H, and C-N
functional groups.

HPLC analysis (Shimadzu LC-20AD) was performed to determine the purity and retention time of the
crystallized glucosamine. Samples were filtered through a 0.45 pm membrane prior to injection.
Separation was conducted using a C18 column under isocratic elusion, with the mobile phase and flow
rate set according to standard glucosamine analysis conditions. Detection was carried out using a UV
detector, and retention time values were used to evaluate the effectiveness of the purification process.

3. RESULTS AND DISCUSSION

3.1 Effect of Glucosamine Concentration on Purification Through Cooling Crystallization

In this study, the crystallization behavior of glucosamine was evaluated by comparing saturated and
unsaturated solutions. In the saturated solution containing 45% w/v glucosamine, crystal formation was
observed at cooling times of 2, 4, and 6 hours, with the yield increasing progressively as the cooling
duration increased. In contrast, no crystalline product was obtained from the 21% w/v solution because
the glucosamine powder continued to dissolve in distilled water, resulting in a homogeneous unsaturated
solution.

Crystal formation in the supersaturated solution occurred because supersaturation is a primary driving
force for both nucleation and crystal growth. Under supersaturated conditions, the system initiates the
formation of crystal nuclei and subsequently promotes their growth into larger crystals. Nucleation is
triggered when supersaturation develops, typically due to solvent separation or a reduction in solution
temperature [10].

In the unsaturated solution, complete dissolution of glucosamine prevented the development of
supersaturation. As a result, nucleation could not proceed, and no crystal growth was observed. Since
crystallization equilibrium can only be reached when the mother liquor becomes saturated, the unsaturated
solution was unable to produce crystals.
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3.2 Effect of Cooling Temperature on the Purification of Glucosamine Solution through Cooling
Crystallization

Figure 2 presents the yield profile as a function of cooling time at temperatures of 25 °C and 0 °C. The
results show that the yield obtained at 0 °C was consistently higher than that at 25 °C, with the highest
yield achieved at 0 °C after 6 hours of cooling. This trend indicates that lower temperatures more

effectively promote the generation of supersaturation, which is a key driving force for crystal formation
[11],[12].
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Figure 2: Yield profile as a function of cooling time at different stirring speeds: (a) 25 °C and (b) 0
°C.

Supersaturation can be generated through four primary mechanisms: temperature reduction, solvent
evaporation, chemical reaction, and changes in solvent composition. In cooling crystallization,
supersaturation is achieved by lowering the temperature of a saturated solution, which decreases the
solubility of the solute and drives the system into a supersaturated state where nucleation and crystal
growth can occur [13]. A greater temperature difference between the saturation stage and the cooling stage
enhances this effect, resulting in a larger driving force for crystallization.

Crystallization is a stochastic process influenced by multiple factors, including impurities, additives,
mixing intensity, heat transfer efficiency, and material properties [14]. Nevertheless, the results clearly
demonstrate that cooling at 0 °C produced significantly higher yields than cooling at 25 °C, primarily due
to the larger temperature gradient, which led to a stronger supersaturation driving force and consequently
more extensive crystal formation.
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3.3 Effect of Stirring Speed on Crystal Formation in the Crystallization Process

From Figure 2, it can be observed that the stirring speed influences the characteristics of the crystals
formed. Higher stirring speeds promote increased crystal formation due to enhanced particle—particle
interactions, which facilitate agglomeration—the merging of two or more crystal particles into larger
structures. Crystallization is also a stochastic process affected by factors such as impurities, additives,
mixing intensity, heat transfer, and material properties [14]. Therefore, the higher yield obtained at 500
rpm under cooling conditions of 0 °C can be attributed to more frequent particle collisions that promote
nucleation and agglomeration, ultimately resulting in greater crystal formation.

3.4 Surface Morphology

SEM analysis was conducted to compare the surface morphology of raw glucosamine powder with the
purified glucosamine crystals. The SEM observations were performed on the raw glucosamine and on the
optimal crystallized product obtained at 0 °C and 500 rpm. The SEM images are presented in Figure 4.
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Figure 4: SEM images of glucosamine: (a—d) Raw glucosamine at 1000, 2000%, 5000x, and
10,000x magnification;

(e—h) Crystallized glucosamine at 1000%, 2000%, 5000%, and 10,000x magnification.

SEM images of the raw material (Figures 4a—4d) show that the glucosamine surface consists of irregular
clusters or aggregates with loose and uneven morphology, which is characteristic of powdered solids. In
contrast, the SEM images of the purified glucosamine crystals (Figures 4e—4h) exhibit smoother and
denser surface morphology. These observations indicate that the powder material has undergone structural
transformation into a more compact crystalline form.

https://ijaser.org Page 70




&-./ International Journal of Applied Science and Engineering Review

IJASER ISSN: 2582-6271

Vol. 6, Issue.6, Nov-Dec 2025, page no. 64-74

3.5 Chemical Structure
The FTIR spectrum was used to identify the characteristic functional groups of glucosamine within the
mid-infrared region (4000400 cm™). The FTIR profiles of raw and crystallized glucosamine are

presented in Figure 5.
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Figure 5: FTIR spectra of glucosamine before and after crystallization.

As shown in Figure 5, both samples exhibit absorption bands corresponding to key functional groups of
glucosamine. The crystallized product displays an O—H stretching band at 3283 cm™, an N—H bending
vibration at 1657.97 cm™, and a C—N stretching band at 1154.28 cm™. These values align with those
reported in the literature, where glucosamine typically shows O—H, N-H, and C—N bands at 3359.95 cm™,
1614.37 cm™, and 1321.19 cm™, respectively [15]. The similarity of these vibrational signatures confirms
that the fundamental chemical structure of glucosamine remains preserved after the crystallization process.

3.6 Purity Assessment

HPLC analysis was performed to evaluate the purity of glucosamine by comparing the chromatographic
profiles of the raw material and the crystallized product. The chromatograms for both samples are
presented in Figure 6.
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Figure 6: HPLC chromatograms: (a) standard glucosamine (before purification) and (b)
crystallized glucosamine (after purification).

As shown in Figure 6, the standard glucosamine exhibits a retention time of 1.921 minutes. The
crystallized glucosamine shows a retention time of 1.962 minutes, which is in close proximity to the
standard value. This similarity indicates that the cooling crystallization process effectively enhances
glucosamine purity, yielding a product with chromatographic characteristics consistent with high-purity
glucosamine.

4. CONCLUSIONS

This study confirms that cooling crystallization is an effective technique for purifying glucosamine.
Crystal formation occurred only under supersaturated conditions, while unsaturated solutions did not
produce crystals due to the absence of a supersaturation driving force. The optimal operating conditions
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were identified at 0 °C, 500 rpm, and a cooling time of 6 h, which yielded the highest amount of
crystallized product. SEM analysis showed that purified glucosamine exhibited a smoother, denser, and
more compact morphology than the raw material. FTIR spectra confirmed the presence of characteristic
O-H, N-H, and C—N functional groups at 3283 cm™, 1657.97 cm™*, and 1154.28 cm ™, respectively. HPLC
results further demonstrated that the retention time of the crystallized glucosamine (1.962 min) closely
matched that of the standard (1.921 min), indicating that the process produced glucosamine of high purity.
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