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Abstract

The juice extracted from Prunus mume (Mei-Gin) is in the form of a highly concentrated dark black syrup. It is a common 
health supplement in Asia. The active component, 5-hydroxymethylfurfural (HMF), manifested a concentration-dependent effect 
on the inhibition of β-hexosaminidase degranulation upon antigen-sensitized RBL-2H3 cells. In order to investigate HMF (1) of 
P. mume extract, HMF was isolated and the HPLC profiles of 23 commercial Mei-Gin products (6 types) were qualitatively and 
quantitatively analyzed for HMF content. The samples included 10 Taiwanese Mei-Gin products, 3 Japanese Mei-Gin products, 5 
specific-processing Mei-Gin products, 2 commercial plum drinks, 1 fresh mature plum extract, and 2 heat-processed samples. The 
HPLC profiles showed that the commercial products contained various amounts of HMF. Among them, the water extract of P. mume 
showed better yield of HMF. The yields from such products may differ due to different Mei-Gin original materials and different 
extraction and manufacturing procedures.
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INTRODUCTION

“Mei” (Prunus mume Sieb. et Zucc.), also known as 
“Ume” or Japanese apricot, is a member of the Rosaceous 
family. It is widely grown in Taiwan, Japan, and Main-
land China(1). The fruit of Prunus mume has been used as 
a traditional drug and health food in Asia. Nowadays, it 
is widely consumed throughout the world because of its 
possible health benefits(2,3). P. mume contains many basic 
nutrients, including proteins, carbohydrates, dietary fiber 
and multiple vitamins. In addition, P. mume contains some 
organic acids, such as malic acid, citric acid, and succinic 
acid. Based on literature survey, 74 compounds have been 
reported to be derived from the genus Prunus, including 13 
phenolic glycosides, 5 flavonoids, 15 flavonoid glycosides, 
3 cyanogenic glycosides, 11 benzenoids, 8 organic acid, 
2 furanic compounds, 4 phenylpropanoids, 4 triterpenes, 
8 steroids, 1 diterpenes and 3 fatty acids(4-7). The fruit of 
P. mume has been used in folk medicine to alleviate fever, 

cough and intestinal disorders. It also has multiple biolog-
ical and pharmacological effects, such as anti-oxidation, 
anti-fatigue, anti-diarrheal, anti-platelet aggregation and 
anti-cancer effects(7,8). However, the raw fruit is poisonous 
due to two types of cyanogenic glucosides, prunasin and 
amygdalin. For this reason, processing is necessary and 
can be accomplished through pickling the raw fruit in 
vinegar, soaking it in liquor, or heating and concentrating 
it into juice or syrup(9).

Mei-Gin is the extract of the fruit of P. mume, which is 
a common health supplement in Asia. It is a dark black and 
highly concentrated syrup with a very sour taste. Mei-Gin 
was a military supplement for Japanese soldiers who were 
not in acclimatization during the World War II. Chuda et 
al.(9) isolated two compounds, 5-hydroxymethylfurfural 
(HMF) and mumefural (the citric acid ester of 5-hydroxy-
methylfurfural), from the methanol extract of the concen-
trated P. mume fruit juice. The flow rate of blood spiked 
with HMF or mumefural was compared to the flow rate 
of blood spiked with the two predominant organic acids 
in the fruit. The results showed that HMF and mumefural 
were the effective compounds that improved blood fluidity. 
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Other reports also indicated the beneficial effects of HMF. 
However, some harmful effects were also reported. Janzo-
wski et al. (2000) reviewed some available data regarding 
HMF. It is not clear whether human exposure to HMF 
presents a potential health risk. Some controversial results 
on the mutagenicity/genotoxicity of HMF were also 
published(10,11). However, Janzowski et al. finally showed 
that HMF does not pose a serious health risk, even though 
the highest concentrations in specific foods approach 
the biologically effective concentration range in cell 
systems(10). Moreover, it may not be a mutagenetic agent but 
has a weak effect on DNA breaking(11). 

Additionally, the extract of the fruit of P. mume has 
been reported to have anti-inflammatory effects based on 
the inhibition of HMGB1 release(12). HMGB1 and IL-33 
were considered as chromatin-associated nuclear factors 
that induce the production of pro-inflammatory and 
allergy-associated cytokines(13,14). In addition, mast cells 
are known for regulating both immediate and late-phase 
allergic reactions. Aggregation of IgE receptor results in 
the activation and degranulation of mast cells. As part 
of our ongoing investigation and discovery of new anti-
allergic agents, it was found that the ethyl acetate extract 
of Mei-Gin showed moderate anti-allergic effect. Further-
more, the active components of Mei-Gin extract were 
investigated. In the current research, HMF was isolated 
from Mei-Gin. Qualitative and quantitative analyses on 
the HMF contents of 23 marketed products of P. mume 
collected from Japan and Taiwan were performed. 

MATERIALS AND METHODS

I. Instrumentation and Materials 

IR spectra were measured using a Mattson Genesis 
IITM FT-IR spectrophotometer. UV spectra were obtained 
using a JASCO V-530 UV/VIS spectrophotometer. 
NMR spectra were run using Varian GEMINI200 MHz 
FT-NMR. The chemical shift (δ) values are in ppm (part 
per million) with CD3OD as the internal standard, and 
coupling constants (J ) are in Hz. Low resolution ESI-MS 
spectra were obtained using a VG Biotech Quattro 5022 
mass spectrometer in positive mode. Silica gel 60 (40 - 60 
mesh, Merck), Geduran® Si 60 (63 - 200 mesh, Merck), 
LiChroprep® RP-18 (40 - 63 mesh, Merck), Sephadex 
LH-20, Celite® 545 and Diaion HP-20 were used for 
column chromatography (CC). Silica gel plates (Kieselgel 
60, F254, 0.20 nm, Merck) were used for TLC.

II. Preparation of Mei-Gin Related Products 

The Mei-Gin extract investigated by separation, isola-
tion and structural elucidation was collected in 2006 from 
Yi-Qing farm in Nantou County, Taiwan. The Mei-Gin 
product was produced in a condition of reduced pressure 
and relatively lower temperature (ca. 95°C). In the standard 

process, 100 kg of raw fruit was crushed and filtered 
to yield 60 - 70 L of juice and then concentrated to less 
than 2 kg of Mei-Gin, and the concentration ratio was ca. 
1/50. PM11 - 15 were produced using special processing 
methods. PM11 and PM12 were extracted with vinegar for 
four months (< 100°C). PM12 was further concentrated to 
a ratio of 1/50. PM13 and PM14 were extracted with rice 
wine (40%) for four months (< 100°C), and PM14 was 
concentrated to a ratio of 1/50. PM 15 was extracted with 
water and heated for ca. 50 h (< 100°C) as a juice. In addi-
tion, fresh unripe plum (1 kg) was blended in a blender 
and soaked with water for one day. The water extract solu-
tion was filtered and concentrated by a freeze-dry system. 
The solid water extract of fresh unripe plum (PM21) was 
obtained. Half of PM21 was used in reflux experiments. 
The sample was refluxed at 90°C for 24 h and 48 h to obtain 
PM22 and PM23, respectively.

III. Extraction and Isolation 

Mei-Gin (5.88 kg, produced from ca. 300 kg of raw 
fruit) was extracted five times with hot water (ca. 70°C, 
3.5 L). The extract solution was partitioned with ethyl 
acetate (EA). The EA phase was concentrated under 
reduced pressure and the EA fraction (223.45 g) was 
obtained. The abundant precipitate of the EA fraction 
was filtered and the residual solution was subjected to CC 
gradient elution with mixtures of n-hexane: EA : meth-
anol (1/0/0, 2/1/0, 1/1/0, 1/5/0, 0/1/0, 0/30/1, 0/15/1, 0/5/1 
and 0/0/1) to yield twenty fractions (PM F1 - PM F20). 

Of these twenty fractions, PM F3 (13.05 g) was rechro-
matographed with gradient mixtures of n-hexane : EA : 
methanol (2/1/0, 1/1/0, 1/5/0, 0/1/0, 0/30/1, 0/15/1, 0/5/1 and 
0/0/1) to yield 16 subfractions. Among the 16 subfractions, 
compound 1 (278.91 mg) was isolated and eluted with 
n-hexane : CHCl3 : methanol solvent system by a repeating 
CC and the structure was confirmed as HMF by NMR 
spectra. 

IV. Qualitative and Quantitative Analyses of HMF

(I) Sample Preparation 

HMF was isolated from Mei-Gin and the structure 
was elucidated by spectroscopic methods. The refer-
ence compound was used for qualitative analysis. Stan-
dard stock solution contained 1 mg/mL HMF, which was 
prepared with 1.0 mg HMF in 1.0 mL of H2O for quan-
titative analysis. Standard sample solutions were injected 
using an injection volume of 20 μL into the HPLC system.

Twenty-three “Mei” products were collected from 
markets and farms, including ten Taiwan Mei-Gin prod-
ucts, three Japanese Mei-Gin products, five specific-
processing Mei-Gin products, two commercial plum 
drinks, one fresh plum extract and two heat-processed 
samples (Table 1).

All of these samples were concentrated by removing 
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water. Each sample (10 mg) of the twenty-three Mei-Gin 
products was dissolved in H2O (1 mL) and filtered with a 
nylon membrane (50-μL injection volume).

(II) Analytical HPLC 

HPLC analyses were performed with a Shimadzu 
model LC-10AT vp HPLC (Japan), equipped with a 
two-solvent delivery system, a SIL-20A automatic 
sample injector and a model SPD-10A vp diode array 
detector. The detection wavelength was set at 254 nm. 

Chromatography was carried out on an Atlantis® (4.6 × 
150 mm i.d.) column. Gradient elution was performed 
with water-HPLC grade MeOH (0 - 100%, 0 - 60 min) at a 
flow rate of 1 mL/min. The solvents were filtered through 
a 0.45-µm filter prior to being used. The total HPLC run 
time for the assay was 60 min.

(III) Calibration 

In the standard HPLC chromatogram, six different 
concentrations of HMF, in the linear range from 0.125 

Table 1. Twenty-three Mei-Gin and plum-derived products

Sample type Name Code name Extraction solvent (notes and concentration ratio)

Taiwanese commercial Mei-Gin products IC-W1 PM01 Raw plum juice, heated for ca. 100 h,  
concentrated ratio: 1/50

SI PM02

TS PM03

LMJ PM04

GL PM05

WRL PM06

WRW PM07

WNT PM08

TSG PM09

USM PM10

Specific-processing Mei-Gin products IC-A1 PM11 Plum soaked with vinegar for 4 months

IC-A2 PM12 Plum soaked with vinegar for 4 months, 
concentrated to 1/50 (< 100°C)

IC-E1 PM13 Plum soaked with rice wine (40%) for 4 months

IC-E2 PM14 Plum soaked with rice wine (40%) for 4 months, 
concentrated to 1/50 (< 100°C) 

IC-W2 PM15 Raw plum juice, heated for ca. 50 h

Japanese commercial Mei-Gin products JP-1 PM16 Water (collected from Japan)

JP-2 PM17 Water (collected from Japan) 

JP-3 PM18 Water (collected from Japan)

Commercial plum drinks DR-1 PM19 Commercial product

DR-2 PM20 Commercial product

Fresh plum extract NP-1 PM21 Water (juice), freeze dried 

Heat-processed samples NP-2 PM22 Juice, refluxed for 24 h at 90°C, freeze dried 

NP-3 PM23 Juice, refluxed for 48 h at 90°C, freeze dried 
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to 1 mg/mL, were prepared in H2O. The experiment was 
replicated six times (n = 6) for each concentration.

(IV) β-Hexosaminidase Secretion Assay 

A method for measuring β-hexosaminidase 
release was reported to detect the degree of degranula-
tion in RBL-2H3 cells. The water fraction, EA fraction 
and HMF were tested for anti-allergic effect using the 
β-hexosaminidase secretion assay in RBL-2H3 cells. This 
assay was conducted according to procedures recorded 
in the literature(15,16). Monoclonal anti-DNP IgE was 
purchased from Sigma. RBL-2H3 cells were seeded into 
96-well plates at a cell density of 5 × 104 cells/well and 
the cells were then preincubated with drugs at the indi-
cated concentrations for 24 h. Dexamethasone was used 
as a positive control drug. RBL-2H3 cells were sensi-
tized with 1 μg/mL of anti-DNP IgE in DMEM medium 
containing FBS (10%), penicillin (100 U/mL) and strepto-
mycin (100 μg/mL). After 18 h of sensitization, the cells 
were washed twice with 500 μL of Tyrode’s assay buffer 
(135 mmol/L NaCl, 5 mmol/L KCl, 1.8 mmol/L CaCl2, 
1 mmol/L MgCl2, 1.19 mmol/L KH2PO4, 20 mmol/L 

HEPES, 5.6 mmol/L glucose, pH 7.2) and stimulated 
with 1 μg/mL DNP-BSA for 1 h. The supernatant (50 μL) 
was transferred into a 96-well microplate and incubated 
with 50 μL of substrate solution (1 mM p-nitrophenyl-
N-acetyl-D-glucosaminide) in 0.1 M citrate buffer (pH 
4.5) at 37°C for 1 h. Towards the end, the reaction was 
stopped with 200 μL/well of stop solution (0.1 M Na2CO3/
NaHCO3, pH 10.0). The absorbance was read at 405 nm 
on an ELISA reader. 

RESULTS AND DISCUSSION

HMF was reported as a controversial component that 
has shown positive and negative effects(9-11). In addition to 
the promising results reported in prior literature, the HMF 
isolated from the target Mei-Gin extract also plays an 
important role in screening for anti-allergic activity in the 
β-hexosaminidase secretion assay. Based on the results, we 
concluded that HMF can serve as an important standard 
for P. mume and Mei-Gin commercial products. Hence, the 
fingerprint profile of HMF as a quality control standard for 
monitoring the commercial products was established. 
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Figure 1. Effects of water fraction, EA fraction and HMF on degranulation in RBL-2H3 cells (n = 3).
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I. Effect of HMF on Degranulation in RBL-2H3 Cells 

Although previous reports indicated that the extract 
of P. mume has potent effects on the inhibition of the 
pro-inflammatory factor HMGB1, its effects on allergic 
degranulation were not examined. First of all, the cyto-
toxicity range of HMF was screened. HMF showed 
no cytotoxicity against RBL-2H3 cells at high dose 
(380 µg/mL). As shown in Figure 1, the degranulation 
levels of the extracts of water and EA fractions (Figure 
1A) and HMF (Figure 1C) from Mei-Gin were evalu-
ated by assessing β-hexosaminidase release. According 
to the data, HMF inhibited β-hexosaminidase release in 
a dose-dependent manner. It can be proposed that HMF 
may contribute to the anti-allergic effects of P. mume. All 
the evidence suggested that HMF could be an important 
marker to evaluate the quality of P. mume or Mei-Gin 
commercial products. 

II. Qualitative and Quantitative Analysis 

Based on the above reasons, the HPLC fingerprint 
profile of HMF was established as a quality control stan-
dard. HMF (1) was obtained from the EA layer, isolated 
by normal phase chromatography with a MeOH/CHCl3 
gradient mixture solvent system. As indicated in the 
HPLC profiles of Mei-Gin products, all except for PM21, 
PM22, and PM23 were found to have the signal of HMF 
at a retention time of 13.7 min. 

Calibration curves were established with six concen-
trations of HMF in the range of 0.125 - 1 mg/mL. The 
conditions were detailed in the experimental section. The 
linearity of the plot of concentration (x, mg/mL) for each 
compound versus peak area (y) was investigated. Under 
these analytical conditions, good linearities for all of the 
calibration curves were obtained (R2 = 0.9997).

In addition, the quantitative analysis of the 23 
Mei-Gin products was performed (Table 2). As the 
results indicated, the Mei-Gin products contained various 
amounts of HMF. However, PM21 - 23 have no trace of 
HMF. PM15 contained the most HMF (0.583%), whereas 
PM13 and 14 contained the least HMF (< 0.001%). In 
the Taiwanese market, Mei-Gin products (PM01 - 10) 
were collected from different companies or farms. PM03 
was found to contain 0.553% of HMF. However, PM08 
contained only 0.034%. The results indicated that different 
growing conditions of P. mume in different places (Table 
1) will influence the yield of HMF products. In addi-
tion, HMF was not detected in PM21 (the water extract 
of raw fruit). This result suggested that HMF formation 
was affected by factors including temperature and time 
control during thermal processing and the concentration 
ratio. According to previous studies, HMF will be trans-
formed from mono- or di-saccharides (glucose, fructose, 
and sucrose), oligosaccharides (chitosan), polysaccharides 
(cellulose) and aminosugars (glucosamine) by thermal 
degradation, followed by dehydration and rearrangement 

in acidic conditions(17-25). As shown in this study, organic 
acids, such as citric acid, will reach a very high concentra-
tion level in Mei-Gin products. As it is the most important 
marker reported thus far in concentrated products of plum 
juices, HMF content is a key factor in manufacturing.  

The specific-processing Mei-Gin products, PM11 - 
15, were extracted by vinegar alcohol and water. PM15 
(the intermediate product of Mei-Gin water extract, 
heated below 100°C for 50 h and concentrated to a ratio 
of 1/50) contained 0.583% of HMF. The vinegar extracts, 
PM11 and 12 (extracted with vinegar for four months at 

Table 2. HMF content (g/kg) in different Mei-Gin and plum-derived 
products (n = 6)

Sample code Product name HMF Content (%) RSDa (%)

PM01 IC-W1 0.469 1.576

PM02 SI 0.067 0.983

PM03 TS 0.553 1.107

PM04 LMJ 0.377 1.454

PM05 GL 0.144 0.445

PM06 WRL 0.189 0.468

PM07 WRW 0.157 1.825

PM08 WNT 0.034 1.966

PM09 TSG 0.446 1.413

PM10 USM 0.093 0.773

PM11 IC-A1 0.197 1.725

PM12 IC-A2 0.194 1.705

PM13 IC-E1 < 0.001 0.872

PM14 IC-E2 < 0.001 1.613

PM15 IC-W2 0.583 0.708

PM16 JP-1 0.067 1.041

PM17 JP-2 0.134 1.463

PM18 JP-3 0.015 0.922

PM19 DR-1 0.013 0.837

PM20 DR-2 < 0.001 3.271

PM21 NP-1 N.D.b

PM22 NP-2 N.D.b

PM23 NP-3 N.D.b

a Related standard deviation.
b HMF was not detected.
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lower than 100°C) contained only 0.197% and 0.194% 
HMF, respectively. However, the alcohol extracts, PM13 
and 14 (extracted with 40% rice wine for four months 
below 100°C) contained almost no HMF. The results 
suggested that the production process of the alcohol 
extracts may not reach the temperature required to form 
HMF, or HMF production may be disrupted by the exis-
tence of alcohol. Hence, the results suggested that water 
is a more suitable solvent in Mei-Gin production for 
extracting high HMF content.

In the extracts of reflux experiments on fresh P. 
mume (PM21 - 23), several signals appeared on PM22 
and 23 HPLC profiles, but no HMF appeared even after 
heating at 90°C for 24 and 48 h. Possible reasons are 
insufficient temperature and acidic concentration(17-25). 
Meanwhile, sparse HMF was found in two commercial 
plum drinks (PM19 - 20). 

Based on the above qualitative and quantitative 
analyses, HMF, one of the most important markers for 
the quality control of Mei-Gin was established. More-
over, the quality of functional foods or drinks related to 
Mei-Gin could be monitored by this standard model for the 
economic uses of P. mume products in the market.

CONCLUSIONS

In current study, HMF is the one of major compo-
nents from Mei-Gin and showed anti-allergic activity in 
a dose-dependent manner in a β-hexosaminidase secre-
tion assay without cytotoxicity at high dose. Furthermore, 
we established the HPLC profiles of HMF and performed 
the quantitative analysis of 23 Mei-Gin products, which 
were collected from different origins and manufactured 
using different processes. As the HPLC profiles indi-
cated, HMF was found in PM01 - 20, with variable HMF 
contents. In this study, we showed that water extracts of 
Mei-Gin had better yields in the production of HMF, and 
the yield varies with different manufacturing processes. 
Based on the results, the thermo systems and organic 
acid levels are the key points leading to different yields 
of HMF in Mei-Gin production. Finally, a simple and 
effective method was established for the quality control 
of Mei-Gin. This will improve the consistency and stan-
dardization of Mei-Gin products.  

ACKNOWLEDGMENTS

We gratefully acknowledge the financial support 
from the National Science Council, Taiwan, R.O.C., for 
this project. We thank Mr. Chia-Mao Wu of Yi-Qing 
Farm, Nantou County, Taiwan, R.O.C. and Mr. Yao-Chi 
Hsiao of Taiwan Sugar Corporation for their kind support 
and comments. We also thank Ms. Chyi-Jia Wang and 
Wen-Hsiung Lu for their technical assistance in NMR 
operation.

REFERENCES

1.	Liu, S. C., Chang, H. M. and Wu, J. S. B. 2003. A 
study on the mechanism of browning in mei liqueur 
using model solutions. Food Res. Int. 36: 579-585.

2.	Jo, S. C., Nam, K. C., Min, B. R., Ahn, D. U., Cho, 
S. H., Park, W. P. and Lee, S. C. 2006. Antioxidant 
activity of Prunus mume extract in cooked chicken 
breast meat. Int. J. Food Sci. Tech. 41: S15-S19.

3.	Utsunomiya, H., Takekoshi, S., Gato, N., Utatsu, H., 
Motley, E. D., Eguchi, K., Fitzgerald, T. G., Mifune, 
M., Frank, G. D. and Eguchi, S. 2002. Fruit-juice 
concentrate of Asian plum inhibits growth signals of 
vascular smooth muscle cells induced by angiotensin 
II. Life Sci. 72: 659-667.

4.	Hasegawa, M. 1959. Flavonoids of various Prunus 
species. VIII. Flavonoids in the wood of P. mume. J. 
Agric. Food Chem. 24: 408-409.

5.	Kitajima, J. and Tanaka, Y. 1993. Constituents of 
Prunus zippeliana leaves and branches. Chem. Pharm. 
Bull. 41: 2007-2009.

6.	Shimomura, H., Sashida, Y. and Adachi, T. 1988. Phen-
ylpropanoid glucose esters from Prunus buergeriana. 
Phytochemistry 27: 641-644.

7.	Yoshikawa, M., Murakami, T., Ishiwada, T., Mori-
kawa, T., Kagawa, M., Higashi, Y. and Matsuda, H. 
2002. New flavonol oligoglycosides and polyacylated 
sucroses with inhibitory effects on aldose reductase 
and platelet aggregation from the flowers of Prunus 
mume. J. Nat. Prod. 65: 1151-1155.

8.	Jeong, J. T., Moon, J. H., Park, K.-H. and Shin, C. 
S. 2006. Isolation and characterization of a new 
compound from Prunus mume fruit that inhibits cancer 
cells. J. Agric. Food Chem. 54: 2123-2128. 

9.	Chuda, Y., Ono, H., Ohnishi-Kameyama, M., Matsu-
moto, K., Nagata, T. and Kikuchi, Y. 1999. Mumefural, 
citric acid derivative improving blood fluidity from 
fruit-juice concentrate of Japanese apricot (Prunus 
mume Sieb. et Zucc). J. Agric. Food Chem. 47: 828-831. 

10.	Janzowski, C., Glaab, V., Samimi, E., Schkatter, J. and 
Eisenbrand, G. 2000. 5-Hydorxymethylfurfural: assess-
ment of mutagenicity, DNA-damaging potential and 
reactivity towards cellular glutathione. Food Chem. 
Toxicol. 38: 801-809.

11.	Severin, I., Dumont, C., Jondeau-Cabaton, A., Graillot, 
V. and Chagnon, M.-C. 2010. Genotoxic activities of 
the food contaminant 5-hydroxymethylfurfural using 
different in vitro bioassays. Toxicol. Lett. 192: 189-194.

12.	Kawahara, K., Hashiguchi, T., Masuda, K., Saniabadi, 
A. R., Kikuchi, K., Tancharoen, S., Ito, T., Miura, N., 
Morimoto, Y., Biswas, K. K., Nawa, Y., Meng, X., 
Oyama, Y., Takenouchi, K., Shrestha, B., Sameshima, 
H., Shimizu, T., Adachi, T., Adachi, M. and Maruyama, 
I. 2009. Mechanism of HMGB1 release inhibition from 
RAW264.7 cells by oleanolic acid in Prunus mume 
Sieb. et Zucc. Int. J. Mol. Med. 23: 615-620.

13.	Cayrol, C. and Girard, J. P. 2009. The IL-1-like cytokine 



Journal of Food and Drug Analysis, Vol. 19, No. 1, 2011

72

IL-33 is inactivated after maturation by caspase-1. 
Proc. Natl. Acad. Sci. U. S. A. 106: 9021-9026. 

14.	Girard, J. P. 2007. A direct inhibitor of HMGB1 cyto-
kine. Chem. Biol., 14: 345-347. 

15.	Matsubara, M., Masaki, S., Ohmori, K., Jarasawa, A. 
and Hasegawa, K. 2004. Differential regulation of IL-4 
expression and degranulation by anti-allergic olopa-
tadine in rat basophilic leukemia (RBL-2H3) cells. 
Biochem. Pharmacol. 67: 1315-1326.

16.	Jeong, H. J., Koo, H. N., Na, H. J., Kim, M. S., Hong, 
S. H., Eom, J. W., Kim, K. S., Shin, T. Y. and Kim, 
H. M. 2002. Inhibition of TNF-α and IL-6 production 
by aucubin through blockade of NF-κB activation in 
RBL-2H3 mast cells. Cytokine 18: 252-259. 

17.	Antal Jr., M. J., Leesomboon, T., Mok, W. S. and Rich-
ards, G. N. 1991. Mechanism of formation of 2-furalde-
hyde from D-xylose. Carbohydr. Res. 217: 71-85. 

18.	Cazor, A., Deborde, C., Moing, A., Rolin, D. and This, 
H. 2006. Sucrose, glucose, and fructose extraction 
in aqueous carrot root extracts prepared at different 
temperatures by means of direct NMR measurements. 
J. Agric. Food Chem. 54: 4681-4686. 

19.	Jun, M., Shao, Y., Ho, C. T., Koetter, U. and Lech, S. 
2003. Structural identification of nonvolatile dimeriza-
tion products of glucosamine by gas chromatography-
mass spectrometry, liquid chromatography-mass spec-
trometry, and nuclear magnetic resonance analysis. J. 
Agric. Food Chem. 51: 6340-6346. 

20.	Kabyemela, B. M., Adschiri, T., Malaluan, R. M. and 
Arai, K. 1999. Glucose and fructose decomposition in 
subcritical and supercritical water: detailed reaction 
pathway, mechanisms, and kinetics. Ind. Eng. Chem. 
Res. 38: 2888-2895.

21.	Shafizadeh, F. and Lai, Y. Z. 1972. Thermal degrada-
tion of 1, 6-anhydro-β-D-glucopyranose. J. Org. Chem. 
37: 278-284. 

22.	Scheirs, J., Camino, G., Avidano, M. and Tumiatti, W. 
1998. Origin of furanic compounds in thermal degra-
dation of cellulosic insulating paper. J. Appl. Polym. 
Sci. Symp. 69: 2541-2547. 

23.	Shinoda, Y., Komura, H., Homma, S. and Murata, M. 
2005. Browning of model orange juice solution: factors 
affecting the formation of decomposition products. 
Biosci. Biotechnol. Biochem. 69: 2129-2137 

24.	Tømmeraas, K., Varum, K. M., Christensen, B. E. and 
Smidsrød, O. 2001. Preparation and characterisation of 
oligosaccharides produced by nitrous acid depolymeri-
sation of chitosans. Carbohydr. Res. 333: 137-144.

25.	Watanabe, M., Aizawa, Y., Iida, T., Nishimura, R. 
and Inomata, H. 2005. Catalytic glucose and fructose 
conversions with TiO2 and ZrO2 in water at 473K: 
Relationship between reactivity and acid-base property 
determined by TPD measurement. Appl. Catal. A. Gen. 
295: 150-156.


