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Abstract:



Koji, rice fermented with Aspergillus, is used for saccharification of starch contained in crops during the manufacturing of many of Japanese traditional foods and drinks. Japanese people have long eaten koji, and many beneficial substances have been reported to be contained in koji. However, there has been no report on the existence or content of galactosylceramide in koji. To address this issue, we analyzed the chemical composition of the sugar moiety of monohexosylceramide contained in koji, and elucidate that 30.3% of yellow koji is galactosylceramide, 69.7% of that is glucosylceramide, 19.2% of white koji is galactosylceramide, and 80.8% of that is glucosylceramide. This is the first report of the existence and content of galactosylceramide in koji.
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1. Introduction


Koji is the traditional starch catalyst used for more than 1100 years in Japan. After rice crops are harvested, the surface of the crops is polished. The crops are steamed and the non-pathogenic fungus Aspergillus is inoculated to the crops. After fermenting for approximately 48 h, the crops become koji. Koij is used for the manufacturing of many of Japanese traditional foods and drinks. The main islands of Japan use Aspergillus oryzae to manufacture koji, which is called yellow koji [1]. The southern islands, Kyushu and Okinawa, use Aspergillus luchuensis to manufacture koji, which is called white or black koji [2].



Koji is used for the manufacturing of many of Japanese traditional fermented foods. These include miso, soy sauce, sake, rice vinegar, black rice vinegar, salted koji, and mirin. Therefore, koji has a long eating history in Japan and is generally regarded as safe (GRAS) by the U.S. Food and Drug Administration. Koji is believed to have beneficial effects on health, regarding the longevity of the Japanese nation. Indeed, many beneficial substances such as ferrichrysin [3], β-glucan [4], dipeptidyl peptidase IV inhibitor [5], and kojic acid [6] have been reported to be contained in koji. However, the mechanism of the link between koji intake and health benefits has not been well described and the effect of health benefits of koji needs further research.



Sphingolipids are lipids which contain sphingoid bases and amide-linked fatty acids and contain various chemical forms [7,8]. Glycosylceramide is one form of sphingolipids. It contains a sugar moiety which is acetal-linked to the 1-hydrxyl position of the sphingoid base which constitutes ceramide. Fungi have various forms of glycosylceramide. Ascomycetes, including Aspergillus, Candida and Cryptococcus, have monoglycoside on the 1-hydroyl position of the sphingoid base [9,10,11]. On the contrary, zygomycetes such as Rhizopus have di- or tri-glycosides in this position [12]. Since koji and koji-derived foods contain 0.5–3 mg of monohexosylceramide/g dry weight [13,14], and Japanese people ingest approximately 28.4–66.0 mg monohexosylceramide per day, its health effects are of significant concern. Our research group and Fujino and Onishi have reported that the monohexosylceramide of Aspergillus is N-2′-hydroxyoctadecanoyl-l-O-β-d-glucopyranosyl-9-methyl-4,8-sphingadienine [9,10].



Many health benefits of sphingolipids have been reported. For example, the dietary intake of glucosylceramide prevents colon preneoplastic lesions [15] and head and neck cancers [16,17]. Also, when administered to the skin, it improves skin disorders [18]. Moreover, the dietary intake of sphingolipids also improves skin disorders [19,20,21].



Since galactosylceramide is rarely contained in foods, this might have a peculiar health benefit. However, there are very few studies on galactosylceramide, including the existence of galatosylceramide in koji or the functionality of galactosylceramide. Recently, it was reported that the mycelia of A. oryzae, A. sojae and A. awamori cultured in synthetic liquid media contain both β-glucosylceramide and β-galactosylceramide [11]. However, the growth and metabolism of Aspergillus in synthetic medium and that on rice are different [22]. Indeed, chemical compositions of the mycelia are reportedly different [23,24]. Therefore, it is necessary to analyze the actual content of the galactosylceramide contained in koji.



In this study, we tried to address the issue of which chemical forms of monohexosylceramides are contained in koji, the edible form of Aspergillus. It turned out that 30.3% of monohexosylceramide in yellow koji is galactosylceramide and 69.7% of that is glucosylceramide, and 19.2% of monohexosylceramide of white koji is galactosylceramide and 80.8% of that is glucosylceramide. This is the first report of the chemical composition of the sugar moiety of monohexosylceramide contained in koji, the edible form of Aspergillus.




2. Material and Method


2.1. Materials


The yellow koji and white koji were purchased from Tokushima seiko (Tokushima, Japan). Cerebroside (cb) was purchased from Matreya Inc. (Pleasant Gap, PA, USA). Glucose and galactose were purchased from Wako Pure Chemical Industries (Osaka, Japan).




2.2. Thin Layer Chromatograph (TLC) Analysis


Merck silicagel 60 plates (Merck Millipore, Darmstadt, Germany, Germany) were developed with the following solvents: chloroform:methanol:acetic acid:water (20:3.5:2.3:0.7, v/v) for developing monohexosylceramide, and chloroform:methanol:water (30:20:4, v/v) for developing simple sugars. Detection was performed with 2 mg/mL orcinol in 70% H2SO4 reagent, and the plates were heated at 100 °C for 30 min.




2.3. Extraction and Purification of Monohexosylceramide


The total lipids were extracted from yellow koji and white koji using the method of modified Folch [25]. The total lipids were dried up and dissolved in hexane. Silicagel chromatograph was applied to the sample, after which it was eluted with ethyl acetate:methanol (9:1, v/v) and fractionated by checking the elution positions of the monohexosylceramide using TLC. The fractions containing monohexosylceramide were dried up and dissolved in chloroform:methanol (2:1, v/v). The sample was injected into the high-performance liquid chromatography (HPLC) system (LC-20AT, CTO-20AC, Shimadzu, Kyoto, Japan). The glycosylceranide purification by HPLC was performed using Inertsil SIL 100 A column (5 μm, 4.6 mm diameter × 250 mm length, GL science Inc., Tokyo, Japan). The mobile phase consisted of buffer A (chloroform) and buffer B (95% methanol), and separation was achieved using the following gradient program: 0 min A 100%/B 0%, 15 min A 75%/B 25%, and 20–40 min A 10%/B 90%. The flow rate was 0.7 mL/min, and the volume of the sample injection loop was 500 μL. Factions were collected at 1 min intervals and checked by TLC.




2.4. Acid Hydrolysis of Monohexosylceramide


The purified fraction containing monohexosylceramide was dried up and dissolved in 2N H2SO4, then it was incubated on heat block at 80 °C overnight. The hydrolysis product was added to chloroform and methanol and centrifuged at 1000 g for 10 min. The upper water layer containing sugar was dried in freeze dryer and dissolved in water, and subjected to TLC analysis.




2.5. High-Performance Liquid Chromatography (HPLC) Analysis


The sugar detection by HPLC was performed using Aminex HPX-87H column (7.8 mm diameter × 300 mm length, Biorad Laboratories, Hercules, CA, USA). The mobile phase consisted of 0.005 mol/L sulfuric acid. The flow rate was 0.6 mL/min, and the volume of the sample injection was 20 μL. The detection of sugars was performed using refractive index (ERC Inc., Tokyo, Japan).





3. Results and Discussion


3.1. Purification of Monohexosylceramide from Koji


The extracted lipids from yellow koji and white koji were fractionated by silicagel chromatography. The fractions were collected at 10 mL intervals and the elution positions of the monohexosylceramide were checked using TLC (Figure 1). Monohexosylceramide, which we identified in previous studies [5,10], was eluted from fraction No. 7 to 19, but a monohexosylceramide fraction that does not contain other major contamination lipids appeared from fraction number 12. Therefore, the fractions No. 12–19 including monohexosylceramide were collected. The collected monohexosylceramide fractions were further purified with HPLC and checked with TLC (Figure 2). The amount of the purified yellow koji monohexosylceramide was approximately 900 μg, and that of white koji monohexosylceramide was approximately 1700 μg.


Figure 1. TLC analysis of lipids fractionated by silicagel chromatography. Lipids were extracted from yellow koji (A) and white koji (B) using chloroform/methanol (2:1 vol/vol), applied to silicagel, and eluted with ethyl acetate/methanol (9:1 vol/vol). The fractions were collected at 10 mL intervals and 100 μL of the respective fractions were subjected to TLC analysis. Cb indicates standard cerebroside (Matreya Inc., Pleasant Gap, PA, USA).
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Figure 2. TLC analysis of purified monohexosylceramide by HPLC. Lipids were extracted from yellow koji (A) and white koji (B) and purified with HPLC (column: Inertsil 100 A, elution: chloroform-95% methanol, flow rate, 0.7 mL/min). The fractions were collected at 1 min intervals, and 100 μL of the samples were subjected to TLC analysis. Cb indicates standard cerebroside (Matreya Inc., Pleasant Gap, PA, USA).
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3.2. Acid Hydrolysis of Monohexosylceramide


The monohexosylceramides purified from yellow koji and white koji were hydrolyzed with 2 N sulfuric acid. The monohexosylceramide was degraded to sugar and ceramide (or sphingosine and fatty acid) by acid hydrolysis. The fractions were separated by phase break, and the upper layer, namely the aqueous phase, was collected and analyzed by TLC (Figure 3). The major portion of the sugar seemed to be glucose, and a small quantity of galactose was observed both in yellow koji and white koji. However, since the analysis was not quantitative, the amount of galactose was not known. Therefore, to quantitatively measure the amount of glucose and galactose, the fractions were analyzed by HPLC.


Figure 3. TLC analysis of the sugar moiety contained in monohexosylceramide purified from yellow and white koji. Monohexosylceramides purified from yellow (A) and white (B) koji, glucose (Glu) and galactose (Gal) (10 μg) or those hydrolyzed with 2 N sulfuric acid at 80 °C overnight were subjected to TLC analysis.
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3.3. Quantitation of Sugars which Constitutes Koji Monohexosylceramide


The above portions were analyzed by HPLC, which is equipped with a refractive index detector. As a result, both portions contained major glucose and minor galactose (Figure 4). Using the calibration curve, the sugar ratio of yellow koji was calculated to be glucose:galactose = 2.3:1 and that of white koji was calculated to be glucose:galactose = 4.2:1. Apparent degradation of glucose or galactose was not observed. These results indicate that 30.3% of the sugar moiety of monohexosylceramide of yellow koji is galactose, 69.7% of that is glucose, 19.2% of that of white koji is galactose and 80.8% of that is glucose (Figure 5). These results provide strong evidence that 70%–80% of monohexosylceramide of koji is N-2′-hydroxyoctadecanoyl-l-O-β-d-glucopyranosyl-9-methyl-4,8-sphingadienine and 20%–30% of that is N-2′-hydroxyoctadecanoyl-l-O-β-d-galactopyranosyl-9-methyl-4,8-sphingadienine.


Figure 4. HPLC analysis of the sugar moiety contained in monohexosylceramide purified from yellow and white koji. (A) Yellow koji monohexosylceramide; (B) White koji monohexosylceramide.
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Figure 5. Compositions of the sugar moieties of monohexosylceramides contained in yellow and white koji. (A) Glucosylceramide; (B) Galactosylceramide.
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A previous study by the other group [11] reported that 11.4 mg of galactosylceramide and 10.6 mg of glucosylceramide are contained in 30 g of mycelia of Aspergillus. The inconsistency of the ratio between their report and our report might be derived from the growth medium. The previous report adopted synthetic liquid medium, and the present report adopted rice crop as the growth medium of Aspergillus. Aspergillus might produce more galactosylceramide in liquid medium, which is a significant concern of the subsequent studies.









4. Conclusions


The existence of the content of galactosylceramide in koji, the edible form of Aspergilus, was not reported until this study, although the Aspergillus mycelia contained a certain amount of galactosylceramide [11]. This study first elucidated that galactosylceramide is contained in koji at an amount of 19.2%–30.3% of total monohexosylceramide.



Considering the fact that Japanese people have long eaten 5–6 g of miso, which contains koji, per day [26], koji contains 0.5–3.0 mg of monohexosylceramide per g dry weight, and the average Japanese meal contains 28.4–66.0 mg of monohexosylceramide per day [27], the results elucidated in this study indicate that Japanese people have ingested 0.25–18 mg of galactosylceramide per day for a long time. Although the health effects of galactosylceramide as food and/or cosmetics await further research, galactosylceramide might have a significant effect on the health of Japanese people.
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