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The degradation profile of glucosamine bulk form stressed at 100 °C for 2 h in an aqueous solution
was studied. Column chromatography of acetylated product mixture led to isolation of two pure
compounds (1b and 2b) and a mixture of at least three isomers (3b). 1a and 2a were identified as
5-(hydroxymethyl)-2-furaldehyde (5-HMF) and 2-(tetrahydroxybutyl)-5-(3',4'-dihydroxy-1'-trans-butenyl)-
pyrazine, respectively, by utilizing a variety of analytical techniques, such as GC-MS, LC-MS, on-
line UV spectrum, *H and 3C NMR, and DEPT, as well as 'H—'H COSY. 3a was identified as
2-(tetrahydroxybutyl)-5-(2',3',4'-trihydroxybutyl)pyrazine, commonly known as deoxyfructosazine. In
addition, glucosamine solid dosage form was exposed to 40 °C/75% relative humility for 10 weeks.
Methanol extract of glucosamine solid dosage form was analyzed after acetylation by LC-MS, resulting
in degradants 3b and 4b. 3a and 4a were, therefore, determined as deoxyfructosazine and 2,5-bis-
(tetrahydroxybutyl)pyrazine (fructosazine), respectively. Furthermore, the mechanisms of formation
of identified degradation products are proposed and briefly discussed.
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INTRODUCTION Studies on the stability of bulk drugs and/or drug products
Glucosamine, 2-amino-2-deoxyglucose, is an amino sugar provided information about how their quality is influenced by
found in various plant tissues and animal musclgs ¢ is the ~ various factors, for example, temperature, humidity, pH, and

most fundamental building block required for the biosynthesis light (6). This information helps for determination of recom-
of some classes of compounds including glycolipids, glyco- mended storage conditions and for establishment of shelf lives
proteins, glycosaminoglycans, and proteoglycans, building @nd retest periods. _
blocks of human cartilage(3). Glucosamine and chondroitin, In the stability study of glucosamine, several works have been
a copolymer ofN-acetylglucosamine and glucuronic acid, are reported for the |sol'at|on and/or |Qentlflcat|on yolatlle com-
found in and around the cells of the cartilage in human joints, Pounds formed during glucosamine degradatidn &, 9).
Therefore, glucosamine is a basic subunit of cartilage and the Separation and identification of the volatile compounds was
other structures by serving as an essential constituent of thes¢lone primarily by using GC-MS. Shu (8) has studied the
glycosaminoglycans3j. It is reported as a precursor for collagen degradation products in th_ermgl degradation of glucosamlne in
production and has been known to aid in rebuilding damaged @dueous solution (15TC) with different pH conditions. In that
cartilage (4). It has chondroprotective and antiarthritic effects Study, it is reported that 3-hydroxypyridineHipyrrole-2-
(3, 4). Currently, glucosamine is marketed as a dietary supple- carboxaldehyde, furanones, and hydroxyketones were the major
ment to enhance the repair and synthesis of cartilage andVvolatile degradants. Under_dry c_o_nd|t|ons, pyrazines, pyridines,
connective tissue. It is reported that the U.S. retail market for PYrroles, and furans were identified from glucosamine thermal
nutritional supplements containing glucosamine or chondroitins degradation (19). The major compounds generated when
is more than $1 billion per year; the demand for bulk ¢lucosamine was pyrolyzed (20@ for 30 min) were 2-(2-
glucosamine has been growing in excess of 20% annually, andfury))-6-methylpyrazine and 2-acetylfurami)( It is reported that
global consumption exceeds 5000 metric tons (5). a longer _heatlng time (208C, 4 h) generated d|ffe_rent major
degradation products, such as 2-methylpyrazine and 2,5-
* Authors to whom correspondence should be addressed [(Y.S.) fax (973) dimethylpyrazine (9).
28%2390: E;n:aierU-%shaO@gsk-Com: (C.-T.H)fax (732) 932-6776; e-mail  However, compared with studies on volatile degradation
R utgers Lb%iev;;t;’_]' products of glucosamine, only a few studies have been reported
8 GlaxoSmithKline Consumer Healthcare. on nonvolatile degradation products. In addition, all of the
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previous studies were focused on the stability of glucosamine HO OH | |
at different pH parameters by the addition of hydrochloric acid, [ l
sodium hydroxide, or ammoniaZ (10, 11). In strong acid HOHzCﬁCHO ROH2G o CHO
condition (3 M hydrochloric acid), no identifiable decomposition OH NH; 1a R=H
products were identifiedLQ). Amino group protonation provides Glucosamine 1b R=Ac
an intermediate resistance to acid-catalyzed enolization, epimer- OR
ization, and elimination reactions, which gives glucosamine |
stability in acidic condition. In contrast, it is reported that 1 H CgH—1COH20F*
substantial decomposition occurred in less acidic conditions 6. P N2 7C:§<H N Cha
(<0.5 M hydrochloric acid, in the presence of glycine). c | c/[ j/EHOR

The degradation profiles of a drug substance are critical to goy N7 ROH Ny LHOR
its safety assessment and optimization of the formulation.  |" ¢ |
Therefore, to support the studies on the stability of pharmaceuti-  12¢HOR |CHOR CHo0F
cal formulations with the active ingredient glucosamine, un-  ,;CHOR CHOR
derstanding of glucosamine degradation is first required. The

> . . ; X 14CH20R CHoOR
objective of this study was to identify nonvolatile compounds
generated from the thermal degradation of glucosamine in 2a R=H 3a R=H
agueous solution by using GC-MS, LC-MS, on-line UV 2b R=Ac 3b R=Ac
spectrum, and NMR techniques. In addition, the degradation N CHOR
profile of glucosamine solid dosage form was studied, and the Z
mechanisms of the formation of the identified degradation - | oron
products were proposed. ROH[ N CHOR

CHOR CH,OF
MATERIALS AND METHODS [
CHOR

Materials and Reagents. b-Glucosamine hydrochloride, acetic |
anhydride, pyridine, acetic acid, and standard 5-(hydroxymethyl)-2- CHOR
furaldehyde (5-HMF) were purchased from Sigma Chemical Co. (St. 4a R=H
Louis, MO). Reagent grade ammonium hydroxide and HPLC analytical 4b R=Ac

grade solvents including hexane, ethyl acetate, methanol, and acetonitrile

were obtained from Fisher Scientific (Fair Lawn, NJ). Deuterated
chloroform for NMR was purchased from Aldrich Chemical Co. (St.
Louis, MO). Water was in-house deionized water. Silica gel (130
270 mesh, 60A, Aldrich Chemical) was used for column chromatog-

Figure 1. Structures of glucosamine and its degradation products.

An Xterra RRg column (5um, 4.6 x 250 mm, Waters) was used.
Solvent A was 10 mM ammonium hydroxide with 2% acetonitrile (pH

raphy. Solid dosage form containing glucosamine (375 mg of glu- 9.82 adjusted with acetic acid), and solvent B was acetonitrile. The
cosamine per tablet) was prepared by New Products Development ofgradient program was initiated with 65% solvent A and 35% solvent

GlaxoSmithKline Consumer Healthcare.

Glucosamine Degradation ReactionGlucosamine (100 g) was
dissolved in water (150 mL). The mixture was placed in a 250 mL
round-bottom flask and heated 2 h in oil bath at 100C. The cooled
mixture was filtered using filter paper (VWR Scientific, West Chester,
PA) with the addition of methanol (150 mix 2) to remove the

B, then linearly increased to 65% solvent B in 20 min, maintained for
5 min, and equilibrated for 10 min with 65% solvent A and 35% solvent
B prior to the next injection. The flow rate was 1 mL/min, and the
column temperature was kept at 30. Injection volume was 20QL.

The wavelengths were set at 254 and 275 nm for UV detection with a
bandwidth of 4 nm. LC-MS system consists of an Agilent model 1100

remaining glucosamine. After filtration, the solution was concentrated HPLC series with a degasser, binary pump, autosampler, column heater,
to dryness by rotary evaporator (Buchi rotavapor R-205). The residue diode array detector, and a Finnigan LCQ Deca ion-trap mass
(6.4 g) was acetylated with acetic anhydride/pyridine (5:3 v/v) at room spectrometer (San Jose, CA) with APCI source operated in positive
temperature overnight. The acetylated mixture was concentrated tojon mode. The column, mobile phases, and temperature program were
dryness, dissolved with water, and then extracted with ethyl acetate programmed to be the same as those of the HPLC analysis mentioned
(50 mL x 3). above. The operating parameters for the APCI source were as follows:

Isolation of Degradation Products of Glucosamine.The ethyl
acetate extract was subjected to column chromatography with silica
gel eluted with hexane and ethyl acetate (2#11:1 — 1:2— 1:5—
1:10— 100% ethyl acetate, v/v). A total of six fractions were collected.
Fraction 1 was rechromatographed with silica gel eluted with hexane
and ethyl acetate (5:+ 4:1— 3:1— 2:1, v/v) to yield1b (24 mg).

After removal of solvent, fraction 2 yielde2b (237 mg). Fraction
3 was further purified with a silica gel column eluted with hexane and
ethyl acetate (1:+> 1:1.5— 1:2, v/v) and provide®b (13 mg). The

sheath gas flow rate at 85 arbs; auxiliary gas flow rate at 14 arbs;
vaporizer temperature at 50%; capillary temperature at 30%C;
discharge voltage at 4.25 kV; capillary voltage at 35 V; and discharge
current at 5.96.A.

Gas Chromatography—Mass Spectrometry (GC-MS) Analysis.
The GC-MS system consists of an Agilent model 6890N GC system
equipped with a capillary column (HP-5MS, 0.25 mm ixl.30 m
lengthx 0.25um film thickness, Agilent) and coupled with an Agilent
5973N mass selective detector. The oven temperature was programmed

fractions were monitored by thin-layer chromatography (TLC) using a from 200°C (2 min) to 320°C (8 min) at a rate of 8C/min. The
development solution [1:1 and 1:5 (v/v), hexane/ethyl acetate] and injector temperature was maintained at 3@0 The flow rate of carrier
visualized by 10% sulfuric acid and Dragendorff reagent, which is a gas was 1 mL/min. The injection volume of sample wagd Iwithout

spray color reagent specifically for alkaloids (12).

Sample Preparation of Glucosamine Solid Dosage Form for LC-
MS. Glucosamine tablets were exposed td°@075% relative humility
for 10 weeks. The tablets were ground and extracted with methanol.

split. Mass spectra were obtained by total ion current (TIC) at 1011.8
EM voltage, with a 3 min solvent delay. The mass scan ranged from
50 to 650.

Nuclear Magnetic Resonance (NMR) Spectroscopy Analysi&H

The extract was concentrated, and the residue was acetylated with acetiNMR (400 MHz),*3C NMR (100 MHz), DEPT-135 (100 MHz), and

anhydride/pyridine (5:3, v/v) at room temperature overnight.
High-Pressure Liquid Chromatography (HPLC) and LC—Mass

Spectrometry (LC-MS) Analysis. The high-performance liquid chro-

matography was performed with an Agilent model 1100 series system.

IH—'H COSY (400 MHz) were recorded on a JEOL NMR spectrometer
in CDCls. Proton chemical shifts were referenced using tetramethyl-
silane as internal reference, ali@ chemical shifts were referenced to
the solvent.
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Figure 2. Proposed mechanism for the formation of 1a from glucosamine degradation.
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Figure 3. TIC trace (top) and APCI-(+)-MS spectrum (bottom) of 2b from glucosamine degradation.

H and**C NMR data of2b: *H NMR (400 MHz, CDC}) 6 8.49
(2H, s, H-3, H-6), 6.78 (2H, m, H-7, H-8), 6.13 (1H, d, H-11), 5.70
(2H, m, H-9, H-12), 5.30 (1H, m, H-13), 4.30 (4H, m, H-10, H-14),
2.20, 2.15, 2.10, 2.09, 2.04, and 1.94 (18H, sx €H; in Ac); °C
NMR (100 MHz, CDC#) 6 170.59 (s), 170.57 (s), 169.95 (s), 169.80
(s), 169.75 (s), 169.00 (s) (8 C=0 in Ac), 150.12 (s, C-2), 149.22
(s, C-5), 142.59 (d, C-3), 142.22 (d, C-6), 131.09 (d, C-7), 128.91 (d,
C-8), 72.01 (dC-11), 71.23 (d, C-12), 70.50 (d, C-13), 68.38 (d, C-9),
64.54 (t, C-14), 61.83 (t, C-10), 21.00 (g, Me), 20.79 (g, Me), 20.76
(g, Me), 20.68 (q, 2 Me), 20.38 (q, Me).

pyrazine derivatives containing four carbons with acetylated
sugar side chains attached to C-2 and C-5 of the ring,
respectively.1b, 2b, and 3b were identified from degraded
glucosamine raw materig&8b and4b were found as degradation
products of glucosamine solid dosage form.

la was identified as 5-HMF, by TLC comparison with
standard 5-HMF, by retention time in HPLC spectrum, and by
on-line UV spectrum with maximum absorption at 276 nm. In
the previous studies, 5-HMF has been identified from various
conditions of glucosamine such as basic (ammonia or sodium
RESULTS AND DISCUSSION hydrochloride solution) and acidic (hydrochloric acid in the

The structures of glucosamine and its degradation productspresence of glycine)/( 10, 13). It is reported that the formation
are shown inFigure 1. Major degradation products were of 5-HMF was increased under acidic condition; however, the
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Figure 4. TIC trace (top) and GC-MS spectrum (bottom) of 3b from glucosamine degradation.
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Figure 5. TIC trace (top) and extracted ion traces (bottom) of degradation products (3b and 4b) from glucosamine solid dosage form.
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Figure 6. APCI-(+)-MS spectrum of 4b identified from degraded glucosamine solid dosage form.

formation of pyrazine derivatives were greatly decreased (13). has a 2,5-disubstituted pyrazine moiety. Signal§ &t78 (2H,
The formation mechanism dfais proposed irFigure 2. From m) indicated two alkenic protons in a double bond between C-7
glucosamine, dehydration and deamination led to 3-deoxyhex-and C-8 in the molecule (Figure 1). Six signals @t170.59
osone, followed by cyclization. In its cyclic form, by loss of (s), 170.58 (s), 169.95 (s), 169.80 (s), 169.75 (s), and 169.00
water it will give hydroxymethylfurfural. (s) from13C NMR of 2b suggested six carbonyl groups<0)

2b was the major compound generated during the glu- in the molecules. Six signals at 21.00 (q, Me), 20.79 (q, Me),
cosamine degradation reaction. With the recent development20.76 (g, Me), 20.68 (q, 2 Me), and 20.38 (q, Me) indicated
of the atmospheric pressure ionization) (APass spectrom-  six acetyl methyl carbons in the moiety.
etry technique, on-line HPLEphotodiode array)-MS has In IH—1H COSY spectra, correlations between H-18 &t13
become a powerful technique for identifying low-level degrada- and H-12 atd 5.70, H-12 and H-13 ab 5.30, and H-13 and
tion products in the stability study of drug substances. This H-14 até 4.30 were observed, indicating a moiety - 6€CH—
technique gives an on-line mass spectrum and UV spectrumCH—CH-CH,—. Correlation between H-7 and H-8 &t6.78,
that can elucidate the chemical structures. Degradntas between H-8 and H-9 at 5.70, and between H-9 and H-10 at
analyzed by LC-MS. The on-line UV spectrum2if displayed 0 4.30 indicated a unit o CH=CH—-CH—CH, in degradant
maximum absorption at 300 nm, which is reported as the 2b. Therefore, the chemical structure 2i§ can be concluded
characteristic of disubstituted pyrazine conjugated with a vinyl as shown inFigure 1.
group (14,15). The TIC trace and APCI-(+)-MS spectrum of The complexity of signals of H-7 and H-8 at6.78 made it
2 are shown inFigure 3. It gave a protonated molecular ion difficult to calculate their coupling constant. Thus, a decoupling
[M + H]™ at m/z539.0. The fragmental ions at/z479, 4109, experiment was performed. Decoupling the multiplet of signal
and 359 were due to the consequential loss of three moleculesat 6 5.70 (H-9) partially collapsed and simplified the multiplet
of acetic acid (HOAc, 60 amu), respectively. The fragmental of signal atd 6.78 for H-7 and H-8 to a pair of doublets. The
ion at m/z 377 corresponds to the loss of an acetyl group coupling constant between H-7 and H-8 was calculated as 15.6
(CH3C=0) from the fragment ion an/z419 (419— 377 = Hz, indicating the double bond has the trans from. Therefore,
42). From the fragment ion an/z 377, other losses of two  2awas identified as 2-(tetrahydroxybutyl)-5-&-dihydroxy-
molecules of acetic acids (HOAc, 60 amu) are indicated by 1'-trans-butenyl)pyrazine.
fragmental ions atn/z317 and 257. TLC of 3b showed a single spot. However, GC-MS showed

The chemical structure ofb was confirmed by NMR two separate peaks (Figure 4), and three separate peaks were
analysis. The interpretation of thel and13C NMR data was shown in HPLC. It is assumed that three or more isomers
based on DEPT andH—'H COSY spectralH NMR of 2 seemed to exist in the two attached peaks in the GC-MS
demonstrated signals at2.20, 2.15, 2.10, 2.09, 2.04, and 1.94 spectrum. They exhibited the same pattern of UV spectral
(18H, 6s), which were correlated to six acetyl methyl groups. maximum absorption at275 nm, which implied thaBb is a
From the signals ab 8.49 (2H, s), it was confirmed thab disubstituted pyrazine derivative (14—16). They had the same
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Figure 7. Proposed formation mechanism of 2a, 3a, and 4a in glucosamine and glucosamine solid dosage form degradation.
molecular weight and displayed almost the same fragmentation On the basis of the knowledge of glucosamine bulk drug

pattern in GC-MS spectra. Iigure 4, two fragmentation ions

at m/z 555 and 539 were probably due to losses of acetyl
(CH3C=0) and COOCH groups, respectively, from the mo-
lecular ionm/z598. The fragmentation ion signals ez at
496, 479, 437, and 419 corresponded to the loss of {AC

— Ac], [M — HOAc — OAc], [M — OAc — OAc — Ac], and

[M — HOAc — HOAc — OAc], respectively. It was not enough
to prove the chemical structure 8b by only the information
acquired from UV spectra and GC-MS spectra. However,
compared witi2b, degradan8b seemed to contain one more
molecule of acetic acid tha2b: 598 (MW of3) — 538 (MW

of 2) = 60 (HOAc, 60 amu), corresponding to the unit of acetic
acid. This suggested th&b might be isomers having disub-
stituted pyrazine with different, acetylated sugar side chains,
one of which contains aCH, group. One of the deactylated
isomers can be suggested as 2-(tetrahydroxybutyl);34(2-
trinydroxybutyl)pyrazine or deoxyfructosazingigure 1). The
previous study regarding decomposition reactions of glu-
cosamine (in acidified agueous solution containing glycine) also

degradation, the degradation profile of glucosamine solid dosage
form, stored at 40C in 75% relative humidity for 10 weeks,
was qualitatively analyzed by LC-MS. The TIC trace and
extracted ion traces at/z598.5 and 656.5 are given kigure
5, respectively. By UV spectra, the peak at RT 18.94 min was
also identified to be a disubstituted pyrazine derivative from
its maximum absorption at275 nm (14—16). In addition, it
demonstrated an equivalent fragmentation pattern in on-line MS
spectra with that o8b, bearing four-carbon, acetylated acyclic
sugar side chains with a methylene group on one of the side
chains. Therefore, the peak at RT 18.3%) was identified as
peracetylated deoxyfructosazine.

As shown inFigure 6, on-line MS spectra of the peak at RT
20.84 gave a protonated molecular iovizat [M + H]*™ 657.
The UV spectra maximum absorption at 275 nm suggested the
molecule to be a disubstituted pyrazine. The fragmental ions at
597, 537, and 477 suggested the losses-dfiDAc], [-HOAc
— HOACc], and [- HOAc — HOAc — HOACc], respectively.
Also, several peaks showed the loss of fCHO], for example,

mentioned these isomers but they were not positively determinedfrom peaks atn/zbetween 597 and 555 and from peaksnéz

(20). The number of isomers can be higher than assumed.

Deoxyfructosazine has been identified from the reaction of
glucose and ammonia as early as 1968)( Later, Tsuchida et
al. identified deoxyfructosazine and its 6-isomer as browning

between 598 and 556. Compared with MS spectralpf656
(MW of 4b) — 538 (MW of 2b) = 118 corresponded to the
two units of CHCOO— (59). Thereforeda was identified as
2,5-bis(tetrahydroxybutyl)pyrazine or the so-called fructosazine.

reaction products between glucose and ammonia in a weaklyIn previous studieglahas been found in the various degradative

acidic medium 18) and from nondialyzable melanoidin hy-
drolysate (19).

conditions of glucosamine such as in the reaction of a glu-
cosamine and lysine mixture and in glucosamine aqueous
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ammonia (20,21). In addition, (polyhydroxyalkyl)pyrazine (6) Farmer, S.; Anderson, P.; Burns, P.; Velagaleti, R. Forced
compounds such as 2,5-bis(tetrahydroxybutyl)pyrazine and degradation of ibuprofen in bulk drug and tablets and determi-
2-(tetrahydroxybutyl)-5 (or 6)-(23',4"-trihydroxybutyl)pyrazine nation of specificity, selectivity, and stability-indicating nature

have been reported to be formed in roasted peanuts and soy gghizusp Ibuprofen assay meth&harm. Technol2002 May,
sauce (1622). ol ) . .
In the present study, the structures2a, 3a, and4a were (7) Eitelman, S.; Feather, M. S. The alkaline degradation of 2-amino-

. - . 2-deoxyp-glucose.Carbohydr. Res1979, 213—217.
elucidated by analytical data obtained from NMR, MS, and UV. (8) Shu, C.-K. Degradation products formed from glucosamine in

There is no attempt to synthesize these compounds for un- water.J. Agric. Food Chem1998,46, 1129—1131.

equivocal structural elucidation; we will consider our identifica-  (9) wang, P.-S.; Odell, G. V. Formation of pyrazines from thermal

tions tentative. treatment of some amino-hydroxy compoundsAgric. Food
The formation mechanism of pyrazine derivatives, major Chem.1998,21, 868—870.

degradation products of glucosamine, is proposeéigpuire 7. (10) Eitelman, S.; Feather, M. S. Decomposition reactions of amino

Pyrazine heterocycles are probably formed by self-condensation sugars: The dehydration of 2-amino-2-deaxgiucose.Car-

of glucosamines with two water molecules during thermal bohydr. Res1979, 205—211.

. - : . ; _ (1) Taha, M. I. The reaction of 2-amino-2-deosyglucose hydro-
reaction, yielding polyhydroxydihydropyrazine. From an inter chloride with aqueous ammonid. Chem. Socl961, 2468—

mediate dihydropyrazine2,5-bis(tetrahydroxybutyl)pyrazine 2479
(4a) is generated by an oxidative process. Pyrazine, followed (15 wagner, H.: Bladt, SPlant Drug Analysis: A Thin Layer

by dehydration and aromatization, ga8a. Alternatively,3a Chromatography; Springer: New York, 1997; p 360.

might also be formed from the dihydropyrazine intermediate (13) Sumoto, K.; Irie, M.; Mibu, N.; Mitano, S.; Nakashima, Y.;
by a double-bond shift initiated by deprotonation in the Watanabe, K.; Yamaguchi, T. Formation of pyrazine derivatives
dehydropyrazine ring with aromatization and dehydration in the from p-glucosamine and their deoxyribonucleic acid (DNA)
side chain as driving forces3a was identified from both strand breakage activitfChem. Pharm. Bull1991 39, 9(3),
degradation of glucosamine raw material and glucosamine solid 792—794. _

dosage form. On the other han2a was identified only in (14) Linnell, R. H.; Kaczmarczyk, A. Ultraviolet spectra efN=

C—C=N compoundsJ. Phys. Chem1961,65, 1196—1200.

(15) Mason, S. F. The electronic spectra of N-hetroaromatic systems.
J. Chem. Socl959, 1247—1253.

(16) Margaletta, R.; Ho, C.-T. Effect of roasting time and temperature

degraded glucosamine raw material (2@) but not in degraded
glucosamine solid dosage form at a milder temperaturé @30
As shown inFigure 7, 2a has a chemical structure similar to

that of3abut is further dehydrated. A stressed condition wit_h on the generation of nonvolatile (polyhydroxyalkyl)pyrazine
higher temperature seemed to facilitate such a dehydration compounds in peanuts, as determined by high-performance liquid
process and generat@a from 3a. chromatographyd. Agric. Food. Chem1996,44, 2629—2635.

From the preliminary data not presented in this study, many (17) Jezo, . Aminolyza sachar6z2ghem. Zesti ;963,_17, 126—139._
degradation products were observed in glucosamine and its solid (18) Tsuchida, H.; Komoto, M.; Kato, H.; Fujimaki, M. Formation
dosage form with various factors such as pH, moisture, and of deoxy-fructosazine and its 6-isomer on the browning reaction
temperature, but they are not identified so far. Further studies tE);?t\lNecer? 9'“1'35’75?? ;;dzgr;fwzn;én weak acidic mediégric.
on glucosamine degradation might be needed for the better lol. Lhem.1973, 37, —eole.

. . . . (19) Tsuchida, H.; Komoto, M.; Kato, H.; Fujimaki, M. Isolation of
understanding of the glucosamine degradation profile. deoxyfructosazine and its 6-isomer from the nondialyzable

melanoidin hydrolyzateAgric. Biol. Chem1975,39, 1143-1148.
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