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N-Acetyl-D-glucosamine (GlcNAc) was treated in subcritical fluids with ethanol contents of 
0% -80% (w/w) using a tubular reactor at 190°C. The disappearance of GlcNAc in all the aqueous 
ethanol fluids obeyed first-order kinetics, and the rate constant was roughly proportional to the water 
molarity of the aqueous ethanol; this indicates that water plays an important role in the disappearance 
of GlcNAc. The pH of the reaction mixture decreased as the reaction proceeded and then plateaued 
because of the formation of a buffer system by glucosamine and the acetic acid liberated from 
GlcNAc. The ultraviolet absorption spectra of the reactor effluents suggested the formation of both 
carboxylic acids and furfurals. The formation of furfurals and color development were suppressed at 
higher ethanol contents. 
Keywords: N-acetyl-D-glucosamine, subcritical aqueous ethanol, kinetics 

1. Introduction 

Water that remains a liquid from 100 to 374°C under 

pressurized conditions is called subcritical water. 

Subcritical water has two distinct features: A high ion 

product and low relative dielectric constant. Due to the 

high ion product and temperature, subcritical water not 

only catalyzes hydrolysis [1-5] and thermal degradation 

[5,6] but also condensation [7,8] and isomerization [9]. 

The relative dielectric constant of subcritical water is 

almost equivalent to those of methanol and ethanol at 

room temperature. Subcritical water is used to extract 

useful substances from bioresources, such as rosemary 

plants [10], coriander seeds [11], defatted rice bran 

[12,13], and rice straw [14]. 

N-Acetyl-D-glucosamine (GlcNAc) is a constituent of 

chitin, which comprises the outer skin of crustaceans 

and insects. GlcNAc and glucosamine prepared from 

crab shells are used as components of health food sup­

plements. Subcritical water treatment of the crab skin 

has been reported to produce chitin oligomers [15]. To 

elucidate the phenomena occurring during the treat­

ment, we investigated the degradation kinetics in subcrit­

ical water [16]. 

Under subcritical conditions, a mixture of ethanol and 
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water was more effective than water alone for the extrac­

tion of phenolic and antioxidative substances from defat­

ted rice bran and rice straw [17,18]. The isomerization of 

common saccharides to rare ones was promoted by the 

addition of ethanol to water [19,20]. Although the treat­

ment of chitin in subcritical aqueous ethanol was not 

examined, similar treatment of GlcNAc and glucosamine 

should provide basic knowledge on the phenomena that 

occur during the treatment. 

In this context, the disappearance of GlcNAc in sub­

critical aqueous ethanol was examined and kinetically 

analyzed. 

2. Materials and Methods 

2.1 Materials 

GlcNAc (>98%) was supplied by Koyo Chemicals 

(Osaka, Japan). Ethanol was purchased from Wako Pure 

Chemical Industries (Osaka, Japan). 

2.2 Treatment of GlcNAc in Subcritical 

Aqueous Ethanol 

GlcNAc was dissolved in 0% (water), 20%, 40%, 60%, or 

80% (w/w) aqueous ethanol at a concentration of 0.5% 

(w /w). The feed solution was sonically degassed before 

treatment under subcritical conditions and then con­

nected to a nitrogen gas bag to prevent redissolution of 
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atmospheric oxygen. The feed solution was delivered 

into a coiled stainless steel (SUS 316) tubular reactor 

(0.8 mm I.D.x2.0 m length) immersed in a bath filled 

with an SRX 310 silicone oil (Toray-Dow-Corning, 

Tokyo, Japan) with a residence time of 20-240 s using an 

L-7100 HPLC pump (Hitachi, Tokyo, Japan). The resi­

dence time was calculated based on the inner diameter 

and length of the stainless steel tube and the density of 

the water-ethanol mixture under subcritical conditions 

according to our previous study [16]. The treatment was 

conducted at 190°C. The reactor effluent was directly 

introduced into a stainless steel tube (0.8 mm I.D. x 1.0 m 

length) immersed in an ice-water bath to terminate the 

reaction and then collected in a sampling vessel. The 

pressure inside the tube was regulated at 10 MPa using a 

back-pressure regulator (high-pressure adjustable BPR 

P-880; Upchurch, Washington, USA). The effluent ali­

quot (usually 0.70 mL) in the sampling vessel was evapo­

rated under reduced pressure. The residue was dis­

solved in the same volume of distilled water to prepare 

the sample for HPLC analysis and pH measurement. 

2.3 Determination of N-Acetyl-D­

glucosamine 

The concentration of GlcNAc in the effluent was deter­

mined using an HPLC consisting of an L-7100 pump 

(Hitachi, Tokyo, Japan), a COSMOSIL Hilic column (3.0 

mm I.D. x 150 mm, N acalai Tesque, Kyoto, Japan), and an 

L-3350 refractometer (Hitachi, Tokyo, Japan). A mixture 

of 10 mmol/L ammonium acetate and acetonitrile (10/90, 

v/v) was used as the eluent at a flow rate of 0.4 mL/min. 

The column temperature was maintained at 30°C in an 

L-7300 column oven (Hitachi, Tokyo, Japan). 

2.4 pH and Absorption Spectra 

Measurements 

The pH of the effluent was measured at room tempera­

ture using an F-14 pH meter (Horiba, Kyoto). The efflu­

ents were diluted 200 and 10 times using distilled water 

for measuring the ultraviolet (200-350 nm) and visible 

light (350-650 nm) absorption spectra, respectively, 

using a Multiskan GO Microplate spectrophotometer 

(Thermo Scientific, Vantaa, Finland). 

3. Results and Discussion 
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Fig. 1 Disappearance of N-acetyl-D-glucosamine (GlcNAc) in 

subcritical aqueous ethanol at 190°C. The feed concentration 

of GlcNAc, C0, was fixed at 0.5% (w /w) in all aqueous ethanol 

solutions, and C represents the GlcNAc concentration in the 
reactor effluent. The ethanol content was (O) 0% (water), (Lo.) 

20%, (D) 40%, (v) 60%, and(<>) 80% (w/w). 
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Fig. 2 Dependence of the rate constant, k, for the disappearance 

of N-acetyl-D-glucosamine at 190°C on the (0) ethanol 

content and (""') water molarity. 

80% (w /w) aqueous ethanol solutions were heated at 

190°C, and the disappearance of GlcNAc in the reactor 

effluent was observed (Fig. 1). The rate of the disappear-

ance of GlcNAc decelerated at higher ethanol contents. 

3.1 Disappearance of N-Acetyl-D- Because the disappearance of GlcNAc in subcritical 

glucosamine in Subcritical Aqueous Ethanol water can be expressed using first-order kinetics [16], 

First, 0.5% (w/w) GlcNAc samples dissolved in 0% to the following kinetics were adopted to describe the 
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changes in the concentration of GlcNAc in aqueous etha­

nol: 

CI C0 = exp(-kr) (1) 

where k is the rate constant of the disappearance, C 

denotes the concentration of the remaining substrate 

(GlcNAc) in the reactor effluent, C0 is the substrate con­

centration of the feed, and r is the mean residence time 

of the substrate solution in the reactor. Plotscof the frac­

tion of the remaining substrate, i.e., Cl C0, versus ton the 

semi-logarithmic scale were linear, and k was estimated 

from the slope of the line at each ethanol content. The 

solid curves in Fig. 1 were drawn by substituting the esti­

mated rate constants in Eq. (1). Figure 2 shows the 

dependence of the rate constant on the ethanol content. 

The rate constant was lower at higher ethanol contents. 

The water molarity was also lower at higher ethanol con­

tents. The water molarity at room temperature was 

roughly evaluated assuming additivity of the volumes of 

water and ethanol. The rate constants were also plotted 

against water molarities (the upper abscissa) in Fig. 2. It 

was roughly proportional to water molarity, which indi­

cates that water plays a major role in the disappearance 

of GlcNAc under subcritical conditions, while ethanol 

acts merely as a diluent. A reason for the deviation from 

linearity at the highest water molarity, which corre­

sponds to water alone, remains unclear. 

3.2 pH Changes during Treatment 

The pH values of the reactor effluents are shown in 

Fig. 3. The pH of the reactor effluent decreased as 
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Fig. 3 Changes in the pH of the reactor effluents for the 

treatment of N-acetyl-D-glucosamine at 190°C in subcritical 

fluids with different ethanol contents. The symbols are the 

same as those in Fig. 1. 

GlcNAc degraded. The rate of the change in pH with res­

idence time decelerated at higher ethanol contents; this 

indicates that acidic compounds formed at lower ethanol 

contents and the concentration of hydrogen ion 

increased during treatment [21-23]. However, the 

decrease in pH leveled off at a residence time of 60 s or 

longer. As shown in section 3.3, the ultraviolet absorption 

spectra of the reactor effluent suggest the formation of 
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Fig. 4 Ultraviolet absorption spectra of the reactor effluents 

after the treatment of N-acetyl-D-glucosamine at 190°C 

in subcritical fluids with different ethanol contents. The 

spectra were measured after 200 times dilution of the reactor 
effluents. The ethanol contents were (a) 0% (water), (b) 20%, 

(c) 40%, (d) 60%, and (e) 80% (w/w). The number symbols, 

1-6, indicate residence times of 0 (feed solution), 40, 80, 120, 
160, and 240 s, respectively. 
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carboxylic acids. Liberation of the acetyl group from 

GlcNAc produces acetic acid and glucosamine, which 

generate a buffer system. This is likely the reason that 

the pH reaches a minimum value during the degradation 

ofGlcNAc. 

3.3 Absorption Spectra 

Figure 4 shows the ultraviolet absorption spectra from 

200 to 350 nm for the reactor effluents with different res­

idence times, which were diluted 200 times with water. In 

subcritical water (Fig. 4(a)), the absorbance near 230 nm 

increased rapidly at short residence times and main­

tained almost a constant value at longer residence times. 

The absorbance near 230 nm suggests the formation of 

carboxylic acids, and the increase in the absorbance 

observed near 270 nm suggests the formation of furfu-
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Fig. 5 Changes in the absorbance at (a) 230, (b) 269, and 
(c) 400 nm of the reactor effluents from the treatment of 
N-acetyl-D-glucosamine in subcritical fluids with different 
ethanol contents at 190°C. The ultraviolet and visible light 
absorbances of the reactor effluent were measured after 200 
and 10 times dilution with water, respectively. The symbols 
are the same as those in Fig. 1. 
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rals [24]. The increase in the absorbance near 230 nm 

was also observed in subcritical aqueous ethanol (Figs. 

4(b)-(e)), although the rate of the increase was slower at 

higher ethanol contents. The increase in the absorbance 

near 270 nm was suppressed with increasing ethanol 

content. No increase in the absorbance was observed in 

80% (w /w) ethanol. 

Figures 5(a) and (b) show the changes in the absor­

bances at 230 and 269 nm, respectively, with residence 

time. The rate of the increase of the intensity of the 

absorbance at 230 nm was rapid at short residence times 

and slower with lower ethanol content, i.e., higher water 

molarity. This indicates that water plays an important 

role in the degradation of GlcNAc. The absorbance 

reached a constant value of ca. 0.4 and then plateaued. 

The absorbance at 269 nm also increased faster at lower 

ethanol contents. A lag between the increase in the 

absorbance peaks at 230 and 269 nm, respectively, was 

observed; this is likely because GlcNAc degrades to ace­

tic acid and glucosamine, which is then further degraded 

to furfurals. The consecutive generation of furfurals 

results in the time lag in the increase of the absorbance 

at269 nm. 

The visible light spectra of the reactor effluents, which 

were diluted 10 times with water, were also measured. 

The spectra show a monotonic decrease in intensity with 

increasing wavelength. Figure 6 shows the spectra of the 

reactor effluents with a residence time of 240 s. The 
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Fig. 6 Visible light absorption spectra of the reactor effluents 
from treatments with a residence time of 240 s at 190°C in 
(1) water and (2) 20%, (3) 40%, (4) 60% and (5) 80% (w/w) 
ethanol. The spectra were measured after 10 times dilution 

with water. 
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absorbance at any wavelength was higher for the reactor 

effluent in subcritical fluid with lower ethanol contents. 

Figure 5(c) shows the changes in the absorbance at 400 

nm, which was selected as a representative wavelength 

for assessing the coloration of the reactor effluent in sub­

critical fluids with different ethanol contents. The color­

ation also lagged in its development, and no significant 

color development was observed in 80% (w/w) ethanol. 

Glucosamine, which was liberated from GlcNAc, under­

goes the Maillard reaction to generate a yellow or brown 

color [25]. Therefore, the reason for the lag in color 

development is that it is generated in the second step or 

subsequent steps in the reaction. The greater color 

development in the fluid with lower ethanol content indi­

cates that water also plays an important role in the color­

ation of the GlcNAc solution. 
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亜臨界合水エタノール中での

N－アセチルーDーグルコサミンの消失速度

神原知佐子 1，小林敬 2，安達修二 2，↑

1県立広島大学人間文化学部健康科学科

2京都大学大学院農学研究科食品生物科学専攻

常圧での沸点である 100℃から臨界温度の 374°Cの温

度域で加圧することにより液体状態を保った水を亜臨

界水という．常温常圧の水に比べて亜臨界水には，イ

オン積が大きく，比誘電率が低いという 2つの特徴が

ある．前者の特徴から，亜臨界水は水素イオンおよび

水酸化物イオンの濃度が高く，酸またはアルカリ触媒

として作用し，加水分解［1-5］や熱分解［5,6］だけでな

く，縮合［7,8］や異性化［9］を触媒する．また，後者の

性質から，亜臨界水は疎水性物質を溶解するので，各

種の生物資源からの有用物質を抽出できる口0-14］.亜

臨界水を抽出などの食品加工に応用するには，それら

の過程で生起する諸現象に関する基礎的な知見が必要

である．そのような観点から，農水産未利用資源の有

効利用に関する応用的な研究に加えて，モデル系では

あるが，亜臨界水中での糖や脂質の（加水）分解や異

性化などに関する速度論的な検討を行っている．

（受付2016年9月18日，受理2016年9月22日）

干606-8502京都市左京区北白川追分町

十F邸 .0日75-753-6285,E-mail: adachi@kms.kyoto-u.ac.jp 

また，亜臨界状態に保った含水アルコールは，水だけ

のときには異なる抽出効率や反応特性を示す［17-20].

そこで本論文では，甲殻類の殻などに含まれる N二アセ

チルーDーグルコサミン（GlcNAc）の亜臨界含水エタノー

ル中での反応について検討した．処理温度は 190℃で，

エタノール濃度はO～80%(w/w）とした.GlcNAcの消

失過程は1次反応速度式で整理でき，速度定数は含水エ

タノール中の水の容量モル濃度に比例した．これは

GlcNAcの消失に水が重要な働きをすることを示唆する．

GlcNAcの消失過程では反応液のpHが低下し，その後

一定の値となった．これはGlcNAcの加水分解により生

じた酢酸とグルコサミンが緩衝液系を形成することに起

因すると考えられる．また，反応、液の紫外吸収スペクト

ルはカルボン酸とフルフラールの生成を示唆した．さら

に，エタノールの含有率が高くなると，フルフラールの

生成や反応液の着色が抑えられた

。2016Japan Society for Food Engineering 
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