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ėņĽņėńĠ : ŏĞĶŅœĴħƢ, ĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗœħƟěŅĔıŊĝ, ŏľŖħ, őėĶĴŅőĨĔĶŅĲƖŐĭĭįŇĺĭŅĚ, őėĶĴŅőĪĔĶŅĲƖ
ĕŀĚŏľĸĺĽĴĶĶĩĬŃĽŌĚ 

ĬŅĚĽŅĺ ĺĶĶĦĶńĨĬƢ ŏěňŗĵŏěĶŇĠ: ĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔŏľŖħĔŇĬœħƟĪňŗŏıŅŃĮĸŌĔŏĝŇĚıŅĦŇĝĵƢ 
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ĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔıŊĝĩŌĔĬņĴŅŒĝƟŏĮƦĬĽƞĺĬįĽĴĲƤĚĔƢĝńĬĕŀĚįĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶŐĸŃ

ŏėĶŊŗŀĚĽņŀŅĚŏıŊŗŀĶńĔļŅėĺŅĴĝŋƞĴĝŊŘĬŐĔƞįŇĺľĬńĚ ĚŅĬĺŇěńĵĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĽĔńħĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔ
ŏľŖħĔŇĬœħƟĪňŗĴňĔŅĶŏıŅŃĮĸŌĔŒĬĮĶŃŏĪĻ 4 ĝĬŇħ œħƟŐĔƞ ŏľŖħľŌľĬŌ (Auricularia auricula-judae), ŏľŖħ
ĲŅĚ (Volvariella volvacea), ŏĲƦħĬŅĚĲƚŅ (Pleurotus pulmonarius) ŐĸŃ ŏľŖħĬŅĚĶĴ 
(Pleurotus ostreatus)őħĵĽĳŅĺŃĪňŗŒĝƟĽņľĶńĭĔŅĶĽĔńħ ėŊŀ ĔŅĶĽĔńħőħĵŒĝƟŏŀĪŅĬŀĸ 95% 
ŀńĨĶŅĽƞĺĬĨńĺŀĵƞŅĚĨƞŀĨńĺĪņĸŃĸŅĵŏĪƞŅĔńĭ 1 Ĩƞŀ 10 őħĵĬŘņľĬńĔĨƞŀĮĶŇĴŅĨĶ ĪňŗŀŋĦľĳŌĴŇ 40 ŀĚĻŅ
ŏĞĸŏĞňĵĽ ŏĮƦĬŏĺĸŅ 240 ĬŅĪň ıĭĺƞŅĮĶŇĴŅĦĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĲŅĚĴňėƞŅĽŌĚĽŋħ (17.18 ĔĶńĴĨƞŀ 
100 ĔĶńĴŏľŖħŐľƟĚ) ŐĨƞĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĽŌĚĽŋħ (2.18 ĔĶńĴĨƞŀ 
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ŀŅĵŋ 5-6 ĺńĬ œĮŒĝƟŒĬĔŅĶĻŉĔļŅĨƞŀœĮ ěŅĔĬńŘĬœħƟĻŉĔļŅĔĶŃĭĺĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢ
ŒĬĽŅĶĽĔńħ ĔŅĶŒĝƟŏŁĔŏĞĬŒĬĔŅĶĨĔĨŃĔŀĬĽŅĶĽĔńħľĵŅĭĪņŒľƟėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ
ŏıŇŗĴĕŉŘĬěŅĔ 1682.85 œĮŏĮƦĬ 2616.51 ĴŇĸĸŇĔĶńĴĨƞŀ 100 ĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭ ŒĬĔŅĶĻŉĔļŅįĸĕŀĚ
ĽńħĽƞĺĬĮĶŇĴŅĦĞŇĸŇĔŅŏěĸĪňŗŐĨĔĨƞŅĚĔńĬ œħƟŐĔƞ 0.5, 1.0, 1.5 ŐĸŃ 2.0 ĔĶńĴ  ĨƞŀĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬ
ĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬ ıĭĺƞŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶ
ĽĔńħĪňŗĽŌĚĪňŗĽŋħœħƟľĸńĚĔŅĶĔĺĬĔńĭĞŇĸŇĔŅŏěĸĕŀĚŀńĨĶŅĽƞĺĬĽŅĶĽĔńħľĵŅĭĨƞŀĞŇĸŇĔŅŏěĸ 1.0:0.5 őħĵ
ĬŘņľĬńĔ ĴňėƞŅŏĪƞŅĔńĭ 2636.75 ĴŇĸĸŇĔĶńĴĨƞŀ 100 ĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭ ŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅ
œĴħƢŒĬĽƞĺĬĞŇĸŇĔŅŏěĸ (ěŅĔĔŅĶĽĔńħħƟĺĵŏŀĪŇĸŀŃĞŇŏĨĪ) ĪňŗĽŌĚĪňŗĽŋħ œħƟěŅĔĔŅĶŒĝƟŀńĨĶŅĽƞĺĬĽŅĶĽĔńħ
ľĵŅĭĨƞŀĞŇĸŇĔŅŏěĸ 1.0:2.0 őħĵĬŘņľĬńĔ ĴňėƞŅŏĪƞŅĔńĭ 3650.30 ĴŇĸĸŇĔĶńĴĨƞŀ 100 ĔĶńĴĕŀĚĽŅĶĽĔńħ
ľĵŅĭ ĚŅĬĺŇěńĵĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅŏľŖħĬŅĚĶĴŏĮƦĬĺńĨĩŋħŇĭŒĬĔŅĶĽĔńħŏĞĶŅœĴħƢĪňŗĴňėĺŅĴŏĮƦĬœĮœħƟŏĝŇĚ
ŀŋĨĽŅľĔĶĶĴŐĸŃĔĶŃĭĺĬĔŅĶĨĔĨŃĔŀĬħƟĺĵŏŁĔŏĞĬŐĸŃĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸĽŅĴŅĶĩ
ŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħœħƟ 
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MISS Wannarat JIRJAREAN : Extraction of ceramide from commercially grown 
edible mushrooms Thesis advisor : Associate Professor Pramote Khuwijitjaru, Ph.D. 

Plant-based glucosylceramides is used as functional ingredient in dietary 
supplements and cosmetics to maintain skin moisture. The objective of this research 
was to extract glucosylceramide from four 4 of commercial edible mushrooms 
cultivated in Thailand, namely jelly mushroom (Auricularia auricula-judae), straw 
mushroom (Volvariella volvacea), phoenix oyster mushroom (Pleurotus 
pulmonarius) and oyster mushroom (P. ostreatus). The extraction conditions were 
95% ethanol, sample to solvent ratio of 1:10 (w/v), extraction temperature of 40 
°C,  and extraction time of 240 min. It was found that the highest crude extract yield 
was from straw mushroom (17.18 g/100 g of dried mushroom), whereas the highest 
concentration of glucosylceramide in crude extract was from oyster mushroom (2.18 
g/100 g of crude extract). Extraction of oyster mushrooms at different growth stages 
(1-2, 3-4, and 5-6 days) were also investigated. It was found that the crude extracts 
from all growth stages contained similar amounts of glucosylceramide. Therefore, 
oyster mushrooms at  5-6 days were selected for further studies. Processes to 
increase glucosylceramide in extracts were investigated. Hexane precipitation 
effectively removed some components and increased the  glucosylceramide 
concentration from 1682.85 to 2616.51 mg/100 g extract. Adsorption-desorption 
process using silica gel was used to further concentrate glucosylceramide in extract. 
It was found that the highest concentration of glucosylceramide in the extract 
(2636.75 mg/100 g extract) was obtained using a ratio of crude extract to silica gel of 
1.0:0.5 (w/w). The highest concentration of glucosylceramide in silica gel (3650.30 
mg/100 g of extract) (after extraction with ethyl acetate) was obtained using a ratio of 
crude extract to silica gel of 1.0:2.0 (w/w). In conclusion, this study showed that 
oyster mushroom has a potential for glucosylceramides extraction. In addition, 
hexane precipitation and adsorption-desorption using silica gel could increase the 
concentration of glucosylceramides in extract. 
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ĕƟŀŏĽĬŀŐĬŃĪňŗŏĮƦĬĮĶŃőĵĝĬƢŐĔƞįŌƟĺŇěńĵ ĽƞĚįĸŒľƟĺŇĪĵŅĬŇıĬīƢŏĸƞĴĬňŘĩŌĔĨƟŀĚŐĸŃĽĴĭŌĶĦƢĵŇŗĚĕŉŘĬ įŌƟĺŇěńĵ
ĕŀĕŀĭıĶŃėŋĦŒĬėĺŅĴĔĶŋĦŅĕŀĚĪŋĔĪƞŅĬŏĮƦĬŀĵƞŅĚĽŌĚ 

ĕŀĕŀĭıĶŃėŋĦėĦŅěŅĶĵƢĳŅėĺŇĝŅŏĪėőĬőĸĵňŀŅľŅĶĪňŗŒľƟėĺŅĴĶŌƟ ėņŐĬŃĬņŐĸŃĮĶŃĽĭĔŅĶĦƢ
ŀńĬĴňėƞŅĵŇŗĚŐĔƞįŌƟĺŇěńĵ ĶĺĴĩŉĚŏěƟŅľĬƟŅĪňŗĽņĬńĔĚŅĬ ŐĸŃŏěƟŅľĬƟŅĪňŗĺŇĪĵŅĻŅĽĨĶƢĪŋĔėĬ ĪňŗŀņĬĺĵėĺŅĴĽŃħĺĔ
ŏıŊŗŀŒľƟĔŅĶħņŏĬŇĬĚŅĬŏĮƦĬœĮŀĵƞŅĚĶŅĭĶŊŗĬ 

ĕŀĕŀĭıĶŃėŋĦĭŇħŅ  ĴŅĶħŅ ŐĸŃėĶŀĭėĶńĺĪňŗėŀĵįĸńĔħńĬŒľƟėĺŅĴĝƞĺĵŏľĸŊŀŐĸŃŏĮƦĬĔņĸńĚŒěĪňŗ
ĽņėńĠĵŇŗĚŒĬĪŋĔħƟŅĬ ĕŀĭėŋĦıňŗŕ ŒĬľƟŀĚŐĸĮ (ıňŗĔƟŀĵ ıňŗœĔƞ ıňŗľĴŋƞĵ) ĪňŗŒľƟėĺŅĴĝƞĺĵŏľĸŊŀŐĸŃŏĔŊŘŀĔŌĸĔńĬ
ħƟĺĵħňŏĽĴŀĴŅ 

  
  

ĺĶĶĦĶńĨĬƢȮȮŏěňŗĵŏěĶŇĠ 
 

 

 



 

ĽŅĶĭńĠ 

 ľĬƟŅ 
ĭĪėńħĵƞŀĳŅļŅœĪĵ ............................................................................................................................. Ě 

ĭĪėńħĵƞŀĳŅļŅŀńĚĔķļ ....................................................................................................................... ě 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ............................................................................................................................. ĝ 

ĽŅĶĭńĠ .............................................................................................................................................. Ğ 

ĽŅĶĭńĠĨŅĶŅĚ .................................................................................................................................... ġ 

ĽŅĶĭńĠĶŌĮĳŅı .................................................................................................................................. Ģ 

ĭĪĪňŗȮ/ .............................................................................................................................................. / 

ĭĪĬņ ................................................................................................................................................ / 

1.1 ėĺŅĴŏĮƦĬĴŅĕŀĚĮƤĠľŅ .......................................................................................................... / 

1.2 ĺńĨĩŋĮĶŃĽĚėƢ .......................................................................................................................... 0 

1.3 ĕŀĭŏĕĨĔŅĶĻŉĔļŅ ................................................................................................................. 0 

1.4 ĽĴĴŋĨŇģŅĬĕŀĚĚŅĬĺŇěńĵ........................................................................................................... 0 

ĭĪĪňŗȮ0 .............................................................................................................................................. 1 

ŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵ ........................................................................................................... 1 

0,/ ŏĞĶŅœĴħƢ................................................................................................................................. 1 

0,0 ĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĽĸŅĵĕŀĚĽĲƕĚőĔĸŇĮƕħ ........................................................................... 5 

0,1 ŏĞĶŅœĴħƢěŅĔıŊĝ ................................................................................................................... /. 

2.4 ŏľŖħ ...................................................................................................................................... /1 

2.5 ĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħ ..................................................................................................... /2 

0,4ȮĔŅĶĽĔńħĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔıŊĝ ......................................................................................... /3 

0,5ȮĪņĭĶŇĽŋĪīŇśŏĞĶŅœĴħƢěŅĔıŊĝ ................................................................................................... /6 

          



  ğ 

2.8 ĺŇīňĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢ ...................................................................................................... /7 

ĭĪĪňŗȮ1 ............................................................................................................................................ 03 

ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ ................................................................................................... 03 

1,/ȮĺńĽħŋȮŀŋĮĔĶĦƢȮŐĸŃȮĽŅĶŏėĴň .................................................................................................. 03 

3.2 ĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŏľŖħĔŇĬœħƟĝĬŇħĨƞŅĚȮŕ ............................................. 05 

1,1ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŏľŖħĬŅĚĶĴĪňŗĴňŀŅĵŋŐĨĔĨƞŅĚĔńĬ .............................. 06 

1,2ȮĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴőħĵĔŅĶħŌħ
Ğńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ ................................................................................................ 07 

1,3ȮĔŅĶĻŉĔļŅĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĽńħĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ
ěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴħƟĺĵĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ................................. 07 

3.6 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴň ........................................................................................................... 1. 

3.7 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇ .......................................................................................................... 1/ 

ĭĪĪňŗȮ2 ............................................................................................................................................ 10 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ ......................................................................................... 10 

2,/ȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĸŃĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĪńŘĚȮ4 ĝĬŇħ....................................................... 10 

4.2 ĮĶŇĴŅĦįĸįĸŇĨĕŀĚĽŅĶĽĔńħľĵŅĭŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħĪńŘĚȮ2ȮĝĬŇħ ............. 12 

4.3 ĮĶŇĴŅĦĔĸŋƞĴĽŅĶȮ(Proximate analysis) ŐĸŃĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋ ..... 17 

4.4 ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħĬŅĚĶĴ 3 ĝƞĺĚŀŅĵŋ ....... 2/ 

4.5 ĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴőħĵĔŅĶħŌħ
Ğńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ ................................................................................................ 23 

4.6 ĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĽńħĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶȮ
ĽĔńħľĵŅĭħƟĺĵĔŅĶħŌħĞńĭőħĵŒĝƟĞŇĸŇĔŅŏěĸ ............................................................................ 25 

ĭĪĪňŗȮ3 ............................................................................................................................................ 31 

ĽĶŋĮįĸĔŅĶĪħĸŀĚ........................................................................................................................... 31 

ĶŅĵĔŅĶŀƟŅĚŀŇĚ ................................................................................................................................. 32 



  Ġ 

ĳŅėįĬĺĔȮĔ .................................................................................................................................... 4. 

ĳŅėįĬĺĔȮĕ .................................................................................................................................... 47 

ĳŅėįĬĺĔȮė .................................................................................................................................... 52 

ĮĶŃĺńĨŇįŌƟŏĕňĵĬ .................................................................................................................................. 62 

 



 

ĽŅĶĭńĠĨŅĶŅĚ 

 ľĬƟŅ 
ĨŅĶŅĚĪňŗȮ1 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&ceramide monohexoside, CMH) īńĠıŊĝȮıŊĝľńĺȮįńĔŐĸŃ
įĸœĴƟ ............................................................................................................................................... /0 

ĨŅĶŅĚĪňŗȮ0ȮĔŅĶĨńŘĚȮgradient ĕŀĚŏĲĽŏėĸŊŗŀĬĪňŗŒĬĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢ .......................................... 0/ 

ĨŅĶŅĚĪňŗȮ1ȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ ............................... 10 

ĨŅĶŅĚĪňŗȮ4 ėƞŅĮĶŇĴŅĦĔĸŋƞĴĽŅĶĕŀĚŏľŖħĬŅĚĶĴįĚŐľƟĚĭħĸŃŏŀňĵħěŅĔŏľŖħĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ .................. 17 

ĨŅĶŅĚĪňŗȮ5 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħĪňŗœħƟŒĬŐĨƞĸŃĕńŘĬĨŀĬ .............................................. 30 

ĨŅĶŅĚĪňŗȮ4ȮĽńħĽƞĺĬŏĲĽŏėĸŊŗŀĬĪňŗĪňŗŒĝƟĽņľĶńĭĔŅĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD ............................ 44 

 

          



 

ĽŅĶĭńĠĶŌĮĳŅı 

 ľĬƟŅ 
ĳŅıĪňŗȮ1 őėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚŏĞĶŅœĴħƢ ............................................................................................ 1 

ĳŅıĪňŗȮ2 őėĶĚĽĶƟŅĚĕŀĚĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĕŀĚŏĞĶŅœĴħƢĪňŗıĭŒĬĴĬŋļĵƢ .............................................. 2 

ĳŅıĪňŗȮ3 ĽĲƕĚőĔĸŇĮƕħŐĸŃĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıŒĬįŇĺľĬńĚĴĬŋļĵƢ ................................................. 3 

ĳŅıĪňŗȮ4 ĔŅĶĪņĚŅĬĕŀĚįŇĺľĬńĚĮĶĔĨŇȮ&ĞƟŅĵ'ȮŐĸŃįŇĺľĬńĚĪňŗĕŅħŏĞĶŅœĴħƢȮ&ĕĺŅ' ................................. 3 

ĳŅıĪňŗȮ5 ŏĞĶŅœĴħƢĮĶŃŏĳĪĨƞŅĚȮŕȮĪňŗĴňĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĪňŗŐĨĔĨƞŅĚĔńĬȮ4ȮĝĬŇħȮŐĸŃȮĽŅĵĕŀĚĔĶħœĕĴńĬ
ĪňŗŐĨĔĨƞŅĚĔńĬȮ3ȮĝĬŇħ ĞŉŗĚėĺŅĴĵŅĺĽŅĵőĞƞĪňŗŐĨĔĨƞŅĚĔńĬĪņŒľƟŏĞĶŅœĴħƢŐĨƞĸŃĝĬŇħŐĨĔĨƞŅĚĔńĬ ............. 4 

ĳŅıĪňŗȮ6ȮĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĽĸŅĵĕŀĚĽĲƕĚőĔĸŇĮƕħ ....................................................................... 7 

ĳŅıĪňŗȮ7ȮőėĶĚĽĶƟŅĚĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ ........................................................................................ // 

ĳŅıĪňŗȮ6ȮŏľŖħȮTamogi .................................................................................................................... /2 

ĳŅıĪňŗȮ9ȮőėĶĚĽĶƟŅĚĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħȮTamogi ............................................................. /3 

ĳŅıĪňŗȮ10 įĸĔŅĶĺŇŏėĶŅŃľƢȮTLC ŐĽħĚŀĚėƢĮĶŃĔŀĭĪňŗıĭŒĬĽŅĶĽĔńħěŅĔȮ&ĞƟŅĵœĮĕĺŅ'ȮěĴŌĔĕƟŅĺőıħȮ
ĶņĕƟŅĺȮľńĺĭŋĔȮŐĸŃĶņĕƟŅĺĽŅĸň .......................................................................................................... /4 

ĳŅıĪňŗȮ11ȮĨńĺŀĵƞŅĚįĸŇĨĳńĦĤƢĪňŗįĽĴŏĞĶŅœĴħƢěŅĔıŊĝ ........................................................................ /5 

ĳŅıĪňŗȮ/0ȮőėĶĴŅőĨŐĔĶĴěŅĔȮHPLC-ELSD ĕŀĚĽŅĶĽĔńħěŅĔŏĴĸŖħĩńŗĺŏľĸŊŀĚĪňŗįƞŅĬĔŅĶĪņĭĶŇĽŋĪīŇśȮħƟĺĵ
ėŀĸńĴĬƢĞŇĸŇĔŅ ................................................................................................................................... 0/ 

ĳŅıĪňŗȮ13 ŐįƞĬȮTLC ŐĽħĚĔŅĶŐĵĔŏĞĶŅœĴħƢȮ&GlcCer), ĔĶħœĕĴńĬőŀŏĸŀŇĔĴȮőėŏĸĽŏĨŀĶŀĸȮ&Chol) 
ŐĸŃĽŅĶœĕĴńĬŀŊŗĬŕ ........................................................................................................................... 01 

ĳŅıĪňŗȮ14 ĨńĺŀĵƞŅĚőėĶĴŅőĨŐĔĶĴěŅĔĔŅĶĺŇŏėĶŅŃľƢȮsphingomyelin ėĺŅĴŏĕƟĴĕƟĬȮ1-2.5, 2-5.0, 3-
10, 4-15, 5-20 µg/spot ................................................................................................................ 02 

ĳŅıĪňŗȮ15 ŀŋĮĔĶĦƢĽņľĶńĭĔŅĶĽĔńħŏĞĶŅœĴħƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ ......................................................... 06 

ĳŅıĪňŗȮ/4ȮĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ ................................. 11 

ĳŅıĪňŗȮ/5ȮįĸįĸŇĨĕŀĚĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ ................. 12 

          



  ģ 

ĳŅıĪňŗȮ/6 ĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħľĵŅĭ
ěŅĔŏľŖħ ........................................................................................................................................... 13 

ĳŅıĪňŗȮ19 őėĶĴŅőĨŐĔĶĴȮ&A'ȮŐĸŃĔĶŅĲĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&B'ȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ ..................................................................................... 14 

ĳŅıĪňŗȮ20 őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&GlcCer) ŐĸŃĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ4 
ĝĬŇħĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ ...................................... 15 

ĳŅıĪňŗȮ21 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ4 ĝĬŇħ ĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ .................................................................... 16 

ĳŅıĪňŗȮ00ȮĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ .................................................................. 2. 

ĳŅıĪňŗȮ23 ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋ ................................................ 2/ 

ĳŅıĪňŗȮ24 ĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢ (GlcCer) ŒĬĨńĺŀĵƞŅĚĽŅĶ
ĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴ ................................................................................................................ 20 

ĳŅıĪňŗȮ03ȮőėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋȮŏĪňĵĭĔńĭĽŅĶĔĸŌőėĞŇĸŏĞĶŅ
œĴħƢĴŅĨĶģŅĬȮ(GlcCer)ȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ ....... 21 

ĳŅıĪňŗȮ26 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ3 ĝƞĺĚȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ .................................................................... 22 

ĳŅıĪňŗȮ05ȮőėĶĴŅőĨŐĔĶĴĽŅĶĴŅĨĶģŅĬȮĨńĺŀĵƞŅĚȮŏĸĞŇĪŇĬȮŐĸŃĔĶħĸŇőĬŏĸŀŇĔȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢ
ħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ ............................................................................... 23 

ĳŅıĪňŗȮ28 őėĶĴŅőĨŐĔĶĴĕŀĚŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĝńŘĬĕŀĚŏľĸĺĪňŗœħƟěŅĔĔŅĶĔĺĬĶŀĭĪňŗȮ/ . 24 

ĳŅıĪňŗȮ29 őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħľĵŅĭŏĪňĵĭĔńĭĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗœħƟěŅĔĔŅĶ
ĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD .................................................................................................. 26 

ĳŅıĪňŗȮ1.ȮĸńĔļĦŃĮĶŅĔĢŐĸŃőėĶĴŅőĨŐĔĶĴĕŀĚĽƞĺĬĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&/)ȮŐĸŃ ĽƞĺĬĪňŗœĴƞĸŃĸŅĵŒĬ
ŏŁĔŏĞĬȮ&2) ...................................................................................................................................... 27 

ĳŅıĪňŗȮ31 ĸńĔļĦŃĮĶŅĔĢľĸńĚĔŅĶĔĺĬŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴȮĕŀĚĽŅĶĸŃĸŅĵľĸńĚĨńŘĚĪŇŘĚœĺƟ
ĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ10 ĬŅĪň ŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħĪňŗœħƟěŅĔĔŅĶĔĺĬĽƞĺĬ
ĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬĔńĭĞŇĸŇĔŅŏěĸȮĮĶŇĴŅĦȮ.,3Ȯ&A), /,.Ȯ&B), /,3Ȯ&C), 0,.Ȯ&D) ĔĶńĴ ........................... 3. 



  Ĥ 

ĳŅıĪňŗȮ32 ĸńĔļĦŃĕŀĚĽŅĶĽĔńħŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħĪňŗœħƟěŅĔĽĔńħĞŇĸŇĔŅŏěĸ
ħƟĺĵŏėĶŊŗŀĚȮSoxhlet ........................................................................................................................ 3/ 

ĳŅıĪňŗȮ12ȮŏėĶŊŗŀĚȮHPLC-ELSD ĽņľĶńĭĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢ ...................................... 45 

ĳŅıĪňŗȮ13ȮĔĶŅĲĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD ............................. 45 

ĳŅıĪňŗȮ14ȮĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħěŅĔŏľŖħ
 ........................................................................................................................................................ 5/ 

ĳŅıĪňŗȮ37 őėĶĴŅőĨŐĔĶĴĕŀĚŏĸĞŇĪŇĬŐĸŃĔĶħĸŇőĬŏĸŀŇĔĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD ..... 50 

 



 

ĭĪĪňŗȮ/ 

ĭĪĬņ 

1.1 ėĺŅĴŏĮƦĬĴŅĕŀĚĮƤĠľŅ 

ŏľŖħěńħŏĮƦĬŀŅľŅĶĮĶŃěņĺńĬĕŀĚĴĬŋļĵƢĪňŗŀŋħĴħƟĺĵėŋĦėƞŅĪŅĚŀŅľŅĶȮĺŇĨŅĴŇĬȮŐĸŃŐĶƞīŅĨŋĨƞŅĚȮŕȮĪňŗ

ěņŏĮƦĬĽņľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃŏĽĶŇĴĽĶƟŅĚėĺŅĴŐĕŖĚŐĶĚĕŀĚĶƞŅĚĔŅĵȮĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢŒĬ

ĸńĔļĦŃȮŀŅľŅĶȮĵŅĶńĔļŅőĶėŐĸŃŀŊŗĬȮŕȮħƟĺĵėĺŅĴľĸŅĔľĸŅĵĕŀĚĝĬŇħŐĸŃėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶĪňŗĽŌĚ

ĕŀĚŏľŖħȮĽƞĚįĸĪņŒľƟėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮőħĵĨĸŅħŒĬĮĶŃŏĪĻĪňŗĴňĽńħĽƞĺĬĔĺƞŅ

ĶƟŀĵĸŃȮ95ȮĕŀĚĔŅĶįĸŇĨĪńŘĚľĴħľĶŊŀėŇħŏĮƦĬĴŌĸėƞŅĔĺƞŅȮ7,000ȮĸƟŅĬĭŅĪȮľĶŊŀŐĴƟŐĨƞĨĸŅħĽƞĚŀŀĔĪňŗ

ŐĴƟĺƞŅěŃĴňŏıňĵĚĶƟŀĵĸŃȮ5ȮĕŀĚĔŅĶįĸŇĨĪńŘĚľĴħĔŖĨŅĴŐĨƞĴŌĸėƞŅĔŅĶĽƞĚŀŀĔŏľŖħĽħŐĸŃŏľŖħŐĮĶĶŌĮĕŀĚ

œĪĵĴňŐĬĺőĬƟĴĕĵŅĵĨńĺŏıŇŗĴĕŉŘĬȮŐĨƞŀŅĵŋĔŅĶŏĔŖĭĶńĔļŅĕŀĚŏľŖħĽńŘĬĴŅĔȮŏĬŊŗŀĚěŅĔŏľŖħĽŌĠŏĽňĵĬŘņœħƟĶĺħŏĶŖĺȮ

ŐĸŃőėĶĚĽĶƟŅĚĪňŗœĴƞŐĕŖĚŐĶĚȮěŉĚŏĽŊŗŀĴŏĽňĵœħƟŏĶŖĺĴŅĔĳŅĵľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺŏľŖħěŅĔĲŅĶƢĴŏıŅŃȮŐĸŃľŅĔ

œĴƞĴňĔŅĶěńħĔŅĶĪňŗħňľĶŊŀŏĔŖĭœĺƟĪňŗŀŋĦľĳŌĴŇĲƚŀĚŏľŖħŀŅěŏĬƞŅŏĽňĵĳŅĵŒĬ 24ȮĝńŗĺőĴĚȮěŉĚŏĮƦĬĽŅŏľĨŋľĸńĔĪňŗĪņ

ŒľƟŏľŖħĪňŗŏĔŖĭŏĔňŗĵĺĴŅŐĸƟĺœĴƞĽŅĴŅĶĩĕŅĵœħƟȮĔŅĶŐĮĶĶŌĮŏľŖħŏĮƦĬįĸŇĨĳńĦĤƢŀŅľŅĶĨƞŅĚȮŕȮŏĝƞĬȮŏľŖħ

ŀĭŐľƟĚȮŏľŖħĪŀħȮŏľŖħħŀĚȮŏĮƦĬĔŅĶŏıŇŗĴĴŌĸėƞŅŐĸŃĪņŒľƟĽŅĴŅĶĩŏĔŖĭĶńĔļŅŏľŖħœĺƟœħƟĵŅĺĬŅĬĵŇŗĚĕŉŘĬȮ

ĬŀĔěŅĔĬňŘŐĬĺĪŅĚŒĬĔŅĶŏıŇŗĴĴŌĸėƞŅĕŀĚŏľŖħŀĵƞŅĚľĬŉŗĚĪňŗŏĮƦĬœĮœħƟėŊŀĔŅĶĬņĴŅĽĔńħŐĵĔĽŅĶĪňŗĴňĴŌĸėƞŅ

ĽŌĚȮőħĵĚŅĬĺŇěńĵĬňŘŒľƟėĺŅĴĽĬŒěĔńĭĔŅĶĽĔńħĽŅĶŏĞĶŅœĴħƢ&ceramides) ĞŉŗĚŏĮƦĬĽŅĶĔĸŋƞĴœĕĴńĬĪňŗĴňĴŌĸėƞŅ

ĽŌĚȮĬŇĵĴĬņœĮŒĝƟŏĮƦĬĽƞĺĬįĽĴĕŀĚįĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶȮŐĸŃŏėĶŊŗŀĚĽņŀŅĚȮőħĵĔŅĶĻŉĔļŅĔŅĶĽĔńħ

ŏĞĶŅœĴħƢěŅĔŏľŖħŏľŖħĔŇĬœħƟĪňŗŏıŅŃĮĸŌĔŏĝŇĚıŅĦŇĝĵƢŒĬĮĶŃŏĪĻœĪĵĵńĚœĴƞĴňĔŅĶĶŅĵĚŅĬĴŅĔƞŀĬȮĚŅĬĺŇěńĵ

ĬňŘĽŀħėĸƟŀĚĔńĭŐĬĺĪŅĚĔŅĶıńĥĬŅŏĻĶļģĔŇěŐĭĭȮBCG ModelȮĕŀĚĮĶŃŏĪĻœĪĵőħĵŏĜıŅŃŒĬħƟŅĬ

ŏĻĶļģĔŇěĝňĺĳŅıȮ&Bioeconomy) ĪňŗĴŋƞĚĽĶƟŅĚĴŌĸėƞŅŏıŇŗĴĕŀĚĪĶńıĵŅĔĶĝňĺĳŅıƞĕŀĚĮĶŃŏĪĻȮȮ 
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1.2 ĺńĨĩŋĮĶŃĽĚėƢ 

1.2.1 ŏıŊŗŀĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŏľŖħĔŇĬœħƟȮ4ȮĝĬŇħȮœħƟŐĔƞȮŏľŖħľŌľĬŌ, ŏľŖħĲŅĚ, 

ŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ 

1.2.2 ŏıŊŗŀĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħĬŅĚĶĴĪňŗŏıŅŃĮĸŌĔŏĝŇĚıŅĦŇĝĵƢŒĬŐĨƞĸŃ

ĝƞĺĚĕŀĚĔŅĶŏěĶŇĠ 

1.2.3 ŏıŊŗŀĻŉĔļŅĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħěŅĔ

ŏľŖħĬŅĚĶĴħƟĺĵĔŅĶŒĝƟŏĪėĬŇėĔŅĶħŌħĞńĭŐĸŃėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ 

 

1.3 ĕŀĭŏĕĨĔŅĶĻŉĔļŅ 

ĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔŏľŖħĔŇĬœħƟĪňŗŏıŅŃĮĸŌĔŏĝŇĚıŅĦŇĝĵƢħƟĺĵŏŀĪŅĬŀĸȮ95% őħĵŏľŖħĪňŗŒĝƟŏĮƦĬŏľŖħ

ĪňŗŏıŅŃĮĸŌĔŒĬĮĶŃŏĪĻœĪĵȮĶĺĴĩŉĚĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħěŅĔŏľŖħħƟĺĵħƟĺĵ

ĺŇīňȮTLC ĶĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵħƟĺĵőĮĶŐĔĶĴȮImageJȮŐĸŃĔŅĶŒĝƟŏėĶŊŗŀĚȮHPLC-ELSD  

 

1.4 ĽĴĴŋĨŇģŅĬĕŀĚĚŅĬĺŇěńĵ 

1.4.1 ŏľŖħĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬěŃĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗœĴƞŏĪƞŅĔńĬȮ 

1.4.2 ŏľŖħĪňŗĴňĝƞĺĚŀŅĵŋĕŀĚĔŅĶŏěĶŇĠĪňŗŐĨĔĨƞŅĚĔńĬěŃĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗœĴƞŏĪƞŅĔńĬ 

1.4.3 ĔŅĶŒĝƟĺŇīňĨĔĨŃĔŀĬħƟĺĵŏŁĔŏĞĬŐĸŃĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸĽŅĴŅĶĩŏıŇŗĴ

ėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħœħƟ  
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ĭĪĪňŗȮ0 

ŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵ 
 

0,/ ŏĞĶŅœĴħƢ 

ŏĞĶŅœĴħƢȮ&ceramide'ȮŏĮƦĬĽŅĶĮĶŃŏĳĪœĕĴńĬŒĬĔĸŋƞĴĕŀĚĽĲƕĚőĔĸŇĮƕħȮ&sphingolipids) ĞŉŗĚıĭ

œħƟĪńŗĺœĮŒĬĝńŘĬŏĵŊŗŀľŋƟĴŏĞĸĸƢĕŀĚĽŇŗĚĴňĝňĺŇĨĪńŘĚŒĬıŊĝȮĽńĨĺƢŐĸŃěŋĸŇĬĪĶňĵƢȮőėĶĚĽĶƟŅĚĕŀĚŏĞĶŅœĴħƢ

ĮĶŃĔŀĭħƟĺĵĽŅĵőĞƞĪňŗœĴƞĝŀĭĬŘņȮ&hydrophobic) ĽŀĚĽŅĵȮėŊŀ ĽĲƕĚĔŀĵħƢŏĭĽȮ&sphingoid base' 

ŏĝƞĬȮĽĲƕĚőĔĞňĬȮ&sphingosine' ľĶŊŀŀĬŋıńĬīƢŀĵƞŅĚŒħŀĵƞŅĚľĬŉŗĚ ŏĝŊŗŀĴĨƞŀĔńĭĔĶħœĕĴńĬĽŅĵĵŅĺȮ&fatty 

acid: FAs) ħƟĺĵıńĬīŃŏŀœĴħƢȮ&ĳŅıĪňŗȮ/'ȮőħĵĪňŗĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĴňľĴŌƞœŁħĶŀĔĞŇĸȮ&hydroxyl 

groups' ĪňŗĨņŐľĬƞĚȮC/ȮŐĸŃȮC1ȮŐĸŃȮľĴŌƞĕŀĚŀŃĴŇőĬĪňŗĨņŐľĬƞĚȮC0ȮĽƞĺĬĽŅĵĕŀĚĔĶħœĕĴńĬĽŅĴŅĶĩ

ŐĭƞĚŀŀĔŏĮƦĬȮĔĶħœĕĴńĬĽŅĵĽńŘĬ, ĔĶħœĕĴńĬĽŅĵĔĸŅĚ, ĔĶħœĕĴńĬĽŅĵĵŅĺȮŐĸŃȮĔĶħœĕĴńĬĽŅĵĵŅĺĴŅĔȮ

&ĔĶħœĕĴńĬĪňŗĴňėŅĶƢĭŀĬȮ22 ľĶŊŀĴŅĔĔĺƞŅ'ȮĞŉŗĚĕŉŘĬŀĵŌƞĔńĭėĺŅĴĵŅĺĕŀĚőĞƞėŅĶƢĭŀĬ ĽŅĵĽĲƕĚĔŀĵħƢŏĭĽŒĬ

ĽńĨĺƢŏĸňŘĵĚĸŌĔħƟĺĵĬĴĴňĪńŘĚľĴħȮ3ȮĝĬŇħȮėŊŀȮdihydrosphingosine, sphingosine, 

phytosphingosine, 4-hydroxysphingosine ŐĸŃȮ2,/2-sphingadieneȮőħĵŐĨƞĸŃĝĬŇħĴňėĺŅĴ

ŐĨĔĨƞŅĚĔńĬĪňŗěņĬĺĬŐĸŃĨņŐľĬƞĚĕŀĚľĴŌƞœŁħĶŀĔĞŇĸŐĸŃıńĬīŃėŌƞȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ0 (Suzuki, 

Ohno, & Kihara, 2022)  

 

 

ĳŅıĪňŗȮ1 őėĶĚĽĶƟŅĚıŊŘĬģŅĬĕŀĚŏĞĶŅœĴħƢȮ 
ĪňŗĴŅ: Cha et al. (2016) 
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ĳŅıĪňŗȮ2 őėĶĚĽĶƟŅĚĕŀĚĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĕŀĚŏĞĶŅœĴħƢĪňŗıĭŒĬĴĬŋļĵƢ 
ĪňŗĴŅ:ȮSuzuki et al. (0.00' 

 

ŏĞĶŅœĴħƢŏĮƦĬœĕĴńĬĪňŗĽņėńĠŐĸŃěņŏĮƦĬĕŀĚĝńŘĬįŇĺľĬńĚĕŀĚĴĬŋļĵƢĽņľĶńĭĪņľĬƟŅĪňŗŏĮƦĬŏĔĶŅŃ

ĮƚŀĚĔńĬĔŅĶĞŉĴįƞŅĬĕŀĚįŇĺľĬńĚȮ&skin barrier) ĮƚŀĚĔńĬĔŅĶĽŌĠŏĽňĵĬŘņȮĔŅĶĭŋĔĶŋĔĕŀĚŏĝŊŘŀőĶėěŅĔ

ĳŅĵĬŀĔȮĽŅĶĔƞŀĳŌĴŇŐıƟȮŐĸŃĽŅĶŏėĴň ŒĬįŇĺľĬńĚĕŀĚĴĬŋļĵƢĮĶŃĔŀĭħƟĺĵľĬńĚĔņıĶƟŅȮ&ĝńŘĬĬŀĔĽŋħĕŀĚ

įŇĺľĬńĚ'ȮőėŏĶňĵĴȮ&įŇĺľĬńĚĝńŘĬĔĸŅĚ'ȮŐĸŃŏĪĸŅŒĨƟįŇĺľĬńĚ &ŏĬŊŘŀŏĵŊŗŀŒĨƟľĬńĚ'ȮĞŉŗĚŒĬĽƞĺĬĕŀĚľĬńĚĔņıĶƟŅ

ŐĭƞĚŀŀĔŏĮƦĬȮ4ȮĝńŘĬȮœħƟŐĔƞȮĽĨĶŅĨńĴėŀĶƢŏĬňĵĴȮĽĨĶŅĨńĴŐĔĶĬŌőĸĞńĴȮĽĨĶŅĨńĴĽĮƕőĬĞńĴȮŐĸŃĽĨĶŅĨńĴĭŅ

ŏĞŇĸ őħĵŏĞĶŅœĴħƢĩŌĔįĸŇĨĕŉŘĬįƞŅĬĪŅĚĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıľĸŅĵĪŅĚŒĬįŇĺľĬńĚĔņıĶƟŅŐĸŃĽŃĽĴ

ŀĵŌƞŒĬĝńŘĬĽĨĶŅĨńĴȮėŀĶƢŏĬňĵĴȮ(stratum corneum)ȮőħĵŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔȮ&40-60%) ĕŀĚœĕĴńĬ

ĪńŘĚľĴħ (Shimoda, 2009) (ĳŅıĪňŗȮ3) ħńĚĬńŘĬěŉĚĴňĔŅĶıĭĺƞŅľŅĔĔŅĶĪņĚŅĬĕŀĚŏĔĶŅŃĮƚŀĚĔńĬįŇĺľĬńĚ

ĸħĸĚěŃĽƞĚįĸŒľƟŏıŇŗĴėĺŅĴŏĽňŗĵĚľĶŊŀĪņŒľƟŏĔŇħőĶėĨŇħŏĝŊŘŀĪŅĚįŇĺľĬńĚȮőĶėįŇĺľĬńĚĭŅĚĮĶŃŏĳĪȮŏĝƞĬȮőĶė

ĽŃŏĔŖħŏĚŇĬȮ&psoriasis'*ȮįŊŗĬĳŌĴŇŐıƟįŇĺľĬńĚȮ&atopic dermatitis)*ȮőĶėľĬńĚŏĔĸŖħĮĸŅȮ&ichthyosis' ŐĸŃ

ĔŅĶĝĶŅĳŅıĕŀĚįŇĺľĬńĚĬńŘĬŏĔŇħěŅĔėĺŅĴįŇħĮĶĔĨŇĕŀĚĝńŘĬĮĔĮƚŀĚĕŀĚįŇĺľĬńĚĪňŗŀŅěĴňĽŅŏľĨŋĴŅěŅĔĔŅĶ

ĽŌĠŏĽňĵĔŅĶĮƚŀĚĔńĬĕŀĚŐŀĬĨŇŏěĬȮ&ĳŅıĪňŗȮ4) ŐĸŃėĺŅĴŐľƟĚĕŀĚįŇĺľĬńĚĞŉŗĚĽńĴıńĬīƢĔńĭĶŃħńĭĕŀĚŏĞĶŅ

œĴħƢĪňŗĸħĸĚȮ&Tessema, Gebre-Mariam, Lange, Dobner, & Neubert, 0./5' ĬŀĔěŅĔĬňŘȮŏĞĶŅ

œĴħƢĵńĚĴňĭĪĭŅĪıŊŘĬģŅĬŒĬĔĶŃĭĺĬĔŅĶĪŅĚĝňĺĺŇĪĵŅȮȮėŊŀȮŏĮƦĬĨńĺėĺĭėŋĴĪňŗĽņėńĠĨƞŀĔŅĶħŊŘŀĕŀĚ

ŀŇĬĞŌĸŇĬŒĬŏĬŊŘŀŏĵŊŗŀŏĴĨŅĭŀĸŇĞŉĴȮĽņľĶńĭĬĔŅĶĮƚŀĚĔńĬŐĸŃĶńĔļŅőĶėŀƟĺĬŐĸŃėĺŅĴįŇħĮĔĨŇĪňŗŏĔňŗĵĺĕƟŀĚ

ĔńĭőĶėŀƟĺĬȮŏĝƞĬȮŏĭŅľĺŅĬĝĬŇħĪňŗȮ0*ȮľĸŀħŏĸŊŀħŐĕŖĚ*ȮĴŃŏĶŖĚĭŅĚĝĬŇħȮŐĸŃĳŅĺŃœĕĴńĬįŇħĮĔĨŇ 

(Turpin-Nolan & Brüning, 2020) 
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ĳŅıĪňŗȮ3 ĽĲƕĚőĔĸŇĮƕħŐĸŃĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıŒĬįŇĺľĬńĚĴĬŋļĵƢ 
ĪňŗĴŅ:ȮShimoda (2009) 

 

 

ĳŅıĪňŗȮ4 ĔŅĶĪņĚŅĬĕŀĚįŇĺľĬńĚĮĶĔĨŇȮ&ĞƟŅĵ'ȮŐĸŃįŇĺľĬńĚĪňŗĕŅħŏĞĶŅœĴħƢȮ&ĕĺŅ' 
ĪňŗĴŅ: Mizutani, Mitsutake, Tsuji, Kihara, and Igarashi (2009) 

 

ŀĵƞŅĚœĶĔŖĨŅĴŀĚėƢĮĶŃĔŀĭĕŀĚŏĞĶŅœĴħƢĳŅĵŒĬĝńŘĬĽĨĶŅĨńĴȮėŀĶƢŏĬňĵĴȮĕŀĚĴĬŋļĵƢĬńŘĬĴňėĺŅĴ

ľĸŅĔľĸŅĵĴŅĔȮŐĸŃŐĨĔĨƞŅĚĔńĬœĮĨŅĴŀĚėƢĮĶŃĔŀĭĕŀĚľĴŌƞȮhead group ľĶŊŀĔŅĶŏĔŇħŏŀĽŏĪŀĶŇĲƕŏė

ĝńĬȮ&esterification'ȮĔńĭĔĶħœĕĴńĬĝĬŇħĪňŗŐĨĔĨƞŅĚĔńĬȮȮőħĵěŅĔĳŅıĪňŗȮ5 ŐĽħĚĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĪňŗ

ŐĨĔĨƞŅĚĔńĬȮ4ȮĝĬŇħȮŐĸŃȮĽŅĵĕŀĚĔĶħœĕĴńĬĪňŗŐĨĔĨƞŅĚĔńĬȮ3ȮĝĬŇħȮ 
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ĳŅıĪňŗȮ5 ŏĞĶŅœĴħƢĮĶŃŏĳĪĨƞŅĚȮŕȮĪňŗĴňĽŅĵĽĲƕĚĔŀĵħƢŏĭĽĪňŗŐĨĔĨƞŅĚĔńĬȮ4ȮĝĬŇħȮŐĸŃȮĽŅĵĕŀĚĔĶħœĕĴńĬ
ĪňŗŐĨĔĨƞŅĚĔńĬȮ3ȮĝĬŇħ ĞŉŗĚėĺŅĴĵŅĺĽŅĵőĞƞĪňŗŐĨĔĨƞŅĚĔńĬĪņŒľƟŏĞĶŅœĴħƢŐĨƞĸŃĝĬŇħŐĨĔĨƞŅĚĔńĬ 
ĪňŗĴŅ: Meckfessel and Brandt (2014) 
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0,0 ĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĽĸŅĵĕŀĚĽĲƕĚőĔĸŇĮƕħ 

ĔĶŃĭĺĬĔŅĶŏĴŐĪĭŀĸŇĞŉĴŐĸŃĔĶŃĭĺĬĔŅĶĪŅĚĝňĺŏėĴňĽƞĺĬŒľĠƞĕŀĚĽĲƕĚőĔĸŇıŇħœħƟĶńĭ

ĔŅĶĻŉĔļŅŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮőħĵĪňŗĔĶŃĭĺĬĔŅĶŏĴŐĪĭŀĸŇĞŉĴĕŀĚĽĲƕĚőĔĸŇĮƕħŏĮƦĬĔĶŃĭĺĬĔŅĶĕŀĚŏĞĸĸƢ

ĪňŗĽņėńĠȮ ĞŉŗĚŏĮƦĬĔŅĶŐĽħĚĩŉĚĶŃĭĭĪňŗĴňĔŅĶĮĶŃĽŅĬĚŅĬĔńĬŐĸŃĵńĚŏĝŊŗŀĴőĵĚĔĶŃĭĺĬĔŅĶĨƞŅĚŕŏĕƟŅ

ħƟĺĵĔńĬȮ őħĵĪňŗĴňŏĞĶŅœĴħƢŀĵŌƞŒĬĨņŐľĬƞĚĻŌĬĵƢĔĸŅĚĕŀĚĪńŘĚĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıŐĸŃŐėĪŅĭŀĸŇĞŉȮ

&Pralhada Rao et al., 0./1'ȮĸņħńĭĮĢŇĔŇĶŇĵŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĔƞŀĨńĺĕŀĚŏĞĶŅœĴħƢŐĸŃĽĲƕĚőĔĸŇĮƕħ

ŀŊŗĬȮ ŕȮ ŐĽħĚœĺƟŒĬĳŅıĪňŗȮ4 ŏĞĶŅœĴħƢĩŌĔįĸŇĨĕŉŘĬŒĬŏŀĬőħıĸŅĽĴŇĔŏĶĨŇėŌĸńĴȮ &endoplasmic 

reticulum) ĔƞŀĬĪňŗěŃĩŌĔĽƞĚœĮĵńĚĔŀĸěŇėŀĴŏıĸŖĔĞƢȮ&Golgi complex'ȮħƟĺĵőĮĶĨňĬĕĬĽƞĚŏĞĶŅœĴħƢȮ

&ceramide transport protein) ľĶŊŀŏĺĞŇŏėŇĸĕĬĽƞĚȮ&vesicular transport'ȮŐĸŃĽŅĴŅĶĩŐĮĸĚŏĮƦĬ

ĽĲƕĚőĔœĴŀňĸŇĬœħƟȮ&sphingomyelin'Ȯ őħĵĔŀĸěŇėŀĴŏıĸŖĔĞƢĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĨńŘĚĨƟĬĽņľĶńĭĔŅĶįĸŇĨ

ĽĲƕĚőĔĸŇĮƕħŏĝŇĚĞƟŀĬȮŏĝƞĬȮĽĲƕĚőĔœĴŀňĸŇĬȮŐĸŃȮœĔĸőėĽĲƕĚőĔĸŇĮƕħȮŐĬĺĪŅĚľĸńĔĕŀĚĔŅĶĽńĚŏėĶŅŃľƢŏĞĶŅ

œĴħƢȮėŊŀȮde novo pathway  

 de novo pathway ŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĶĺĴĨńĺĕŀĚĞňĶňĬȮ&serine'ȮŐĸŃȮıŅĸĴŇőĨŀŇĸőėŏŀŖĬœĞĴƢŏŀȮ

&palmitoyl coenzyme A'ȮŏĶƞĚĮĢŇĔŇĶŇĵŅőħĵĞňĶňĬıŅĸĴŇőĨŀŇĸĪĶŅĬĽŏĲŀŏĶĽȮ &serine 

palmitoyltransferase'ȮŏıŊŗŀĽĶƟŅĚȮ 1-ėňőĨ-œħœŁőħĶĽĲƕĚĔŅĬňĬȮ&1-keto-dihydrosphinganine'Ȯ

ĨƞŀěŅĔĬńŘĬȮ1-ėňőĨ-œħœŁőħĶĽĲƕĚĔŅĬňĬȮěŃĸħĸĚŏıŊŗŀĽĶƟŅĚĽĲƕĚĔŅĬňĬȮ&sphinganine; d/68.'ȮĞŉŗĚŏĮƦĬ

ĽĲƕĚĔŀĵħƢŏĭĽĪňŗĚƞŅĵĪňŗĽŋħĪňŗıĭŒĬıŊĝȮ &ľĶŊŀȮdihydrosphinganine) őħĵȮ 1-ketosphinganine 

reductaseȮŒĬŏĝŊŘŀĶŅŐĸŃıŊĝĝńŘĬĽŌĚĽĲƕĚĔŅĬňĬĪňŗĔƞŀĨńĺĕŉŘĬĬňŘěŃĩŌĔœŁħĶŀĔĞňŏĸĨȮ&hydroxylated'ȮŏĮƦĬ

œĲőĨĽĲƕĚőĔĞňĬȮ&phytosphingosine'ȮěŅĔĬńŘĬěŉĚĩŌĔŀŃĞŇŏĸĨȮ&acylated'ȮŏıŊŗŀįĸŇĨœĲőĨŏĞĶŅœĴħƢȮ

&phytoceramide'ȮŒĬĕĦŃĪňŗĽĲƕĚĔŅĬňĬŒĬŏĞĸĸƢĽńĨĺƢȮ ěŃĩŌĔŀŃĞŇŏĸĨŏĮƦĬœħœŁőħĶŏĞĶŅœĴħƢȮ

&dihydroceramide'ȮĞŉŗĚĨƞŀĴŅĩŌĔĪņŒľƟŀŇŗĴĨńĺěĬĔĸŅĵŏĮƦĬŏĞĶŅœĴħƢȮĽĲƕĚĔŅĬňĬŐĸŃŏŀĞŇĸĕŀĚœĕĴńĬ

ĳŅĵŒĨƟĔŅĶėĺĭėŋĴĕŀĚȮdihydroceramide synthases (CerS) ěŅĔĬńŘĬĽńĚŏėĶŅŃľƢȮœħœŁőħĶŏĞĶŅœĴħƢ

ĞŉŗĚěŃĩŌĔĸħĕĬŅħőħĵȮdihydroceramide desaturase ŏıŊŗŀįĸŇĨŏĞĶŅœĴħƢĪňŗĴňėĺŅĴĵŅĺőĞƞŏŀĞŇĸĨƞŅĚĔńĬ 

 ŏĞĶŅœĴħƢĩŊŀŏĮƦĬőĴŏĸĔŋĸĪňŗŏĮƦĬĻŌĬĵƢĔĸŅĚĕŀĚĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĽĭŅĵĕŀĚĽĲƕĚőĔĸŇĮƕħȮŐĸŃ

ĪņľĬƟŅĪňŗŏĮƦĬěŋħŐĨĔŐĕĬĚŒĬĺĚěĶȮĴńĬĪņľĬƟŅĪňŗŏĮƦĬĽŅĶĨńŘĚĨƟĬœĴƞŒĝƞŐėƞĽņľĶńĭĽĲƕĚőĔĸŇĮƕħĪňŗĞńĭĞƟŀĬ

ŏĪƞŅĬńŘĬȮŐĨƞĵńĚĽņľĶńĭĔŅĶĽĶƟŅĚŏĞĶŅœĴħƢ-1-ĲŀĽŏĲĨȮ&C1P) (ĽňĝĴıŌŏĕƟĴ'ȮŐĸŃĽĲƕĚőĔĞňĬĽŅĴŅĶĩŐĮĸĚ

ŏĮƦĬĽĲƕĚőĔœĞĬƢ-1- ĲŀĽŏĲĨȮ&S1P) œħƟŀňĔȮ&ĽňĲƚŅ'Ȯ 
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 ĬŀĔěŅĔĔŅĶĽńĚŏėĶŅŃľƢĪŅĚĝňĺĳŅıŐĭĭ de novo pathway ŐĸƟĺȮŏĞĶŅœĴħƢĵńĚĽŅĴŅĶĩĽĶƟŅĚ

ĕŉŘĬŒĬŏĞĸĸƢįƞŅĬĔŅĶœŁőħĶœĸĞŇĽȮ&hydrolysis'ȮĕŀĚĽĲƕĚőĔĸŇĮƕħĪňŗĞńĭĞƟŀĬȮĔĶŃĭĺĬĔŅĶœŁőħĶœĸĨŇĔȮ

&hydrolytic pathway'ȮėĺĭėŋĴĔŅĶĽĶƟŅĚĕŀĚŏĞĶŅœĴħƢěŅĔĽĲƕĚőĔĸŇĮƕħĪňŗĞńĭĞƟŀĬȮŏĝƞĬȮěŅĔœĔĸőėĽĲƕĚ

őĔĸŇĮƕħȮ&glycosphingolipids'ȮŐĸŃĽĲƕĚőĔœĴŀňĸŇĬȮ įƞŅĬĔĶŃĭĺĬĔŅĶĕŀĚœŁőħĶŏĸĽȮ&hydrolases'Ȯ

ŐĸŃĲŀĽőĲœħŏŀĽŏĨŀŏĶĽȮ&phosphodiesterases'ȮĪňŗěņŏıŅŃȮőħĵĔŅĶĽĶƟŅĚŏĞĶŅœĴħƢĕŉŘĬŒľĴƞěŅĔĽĲƕĚ

őĔœĴŀňĸŇĬħņŏĬŇĬĔŅĶőħĵŏŀŖĬœĞĴƢĪňŗěńĭĔńĭŏĴĴŏĭĶĬŒĬıĸŅĽĴŅȮ &sphingomyelin 

phosphodiesterase) (ĽňŏĕňĵĺŏĕƟĴ'ȮĔŅĶĽĶƟŅĚŒľĴƞĕŀĚŏĞĶŅœĴħƢěŅĔœĔĸőėĽĲƕĚőĔĸŇĮƕħŏĝŇĚĞƟŀĬĽŅĴŅĶĩ

ėĺĭėŋĴœħƟőħĵĔŅĶĵƞŀĵĽĸŅĵŐĭĭœĸőĞőĞĴȮ&lysosomal'ȮľĶŊŀœĴƞŒĝƞœĸőĞőĞĴȮŒĬĔŅĶĵƞŀĵĽĸŅĵœĸőĞ

őĞĴĪņŒľƟŏĔŇħĔĶŃĭĺĬĔŅĶŐėŐĪĭŀĸŇĞŉĴĕŀĚœĔĸőėĽĲƕĚőĔĸŇĮƕħ ĞŉŗĚĬņœĮĽŌƞĔŅĶĔƞŀĨńĺĕŀĚĔĸŌőėĞŇĸŏĞĶŅ

œĴħƢ &glucosylceramide' ŐĸŃĔŅŐĸėőĨĞŇĸŏĞĶŅœĴħƢȮ&galactosylceramide' (ĽňĝĴıŌŀƞŀĬ' 

(Hannun & Obeid, 2008; Michaelson, Napier, Molino, & Faure, 2016; Pralhada Rao et 

al., 2013; Turpin-Nolan & Brüning, 2020) 
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ĳŅıĪňŗȮ6ȮĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĸŃĽĸŅĵĕŀĚĽĲƕĚőĔĸŇĮƕħ  
ĪňŗĴŅ: Turpin-Nolan and Brüning (2020) 
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0,1 ŏĞĶŅœĴħƢěŅĔıŊĝ 

ěŅĔĪňŗĔĸƞŅĺĕƟŅĚĨƟĬľĬƟŅĪňŗĕŀĚŏĞĶŅœĴħƢėŊŀĪņľĬƟŅĪňŗŏĮƦĬŏĔĶŅŃĮƚŀĚĔńĬįŇĺľĬńĚȮĞŉŗĚĔŅĶĸħĸĚĕŀĚ

ĮĶŇĴŅĦŏĞĶŅœĴħƢĽƞĚįĸĪņŒľƟŏĔŇħĮƤĠľŅĪŅĚįŇĺľĬńĚȮ ĞŉŗĚěŅĔĔŅĶĪħĸŀĚŒĬľĬŌĪňŗĴňĔŅĶĽĶƟŅĚŏĞĶŅœĴħƢ

ĭĔıĶƞŀĚıĭĺƞŅĴňĔŅĶŐĽħĚĕŀĚőĶėĽŃŏĔŖħŏĚŇĬȮ őħĵėŅħĺƞŅĔŅĶĪħŐĪĬŏĞĶŅœĴħƢĪňŗŏľĴŊŀĬĔńĭŏĞĶŅœĴħƢŒĬ

įŇĺľĬńĚĽŅĴŅĶĩĝƞĺĵĮĶńĭėĺŅĴĽĴħŋĸŐĸŃŐĔƟœĕĮƤĠľŅĕŀĚįŇĺľĬńĚȮ(Reisberg, Arnold, Porzel, 

Neubert, & Dräger, 2017)ȮŐĨƞŏħŇĴĔŅĶĽĔńħŏĞĶŅœĴħƢĬŇĵĴŒĝƟĔŅĶĽĔńħěŅĔŏĞĸĸƢĕŀĚĽńĨĺƢŏıŊŗŀŒĝƟŒĬ

įĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶľĶŊŀįĸŇĨĳńĦĤƢĭņĶŋĚįŇĺȮŐĨƞŏĬŊŗŀĚěŅĔėĺŅĴĬŇĵĴŒĬĽŅĶĽĔńħěŅĔĽńĨĺƢĴňĬƟŀĵĸĚȮĪņ

ŒľƟľĸńĚěŅĔĬńŘĬĔŅĶįĸŇĨŏĞĶŅœĴħƢĪňŗœħƟĶńĭėĺŅĴĽĬŒěŀĵƞŅĚĴŅĔŐĸŃĮĶŃĽĭėĺŅĴĽņŏĶŖěŒĬĪŅĚĔŅĶėƟŅėŊŀ

ĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔŏĞĸĸƢıŊĝȮĞŉŗĚĪņŒľƟĴňĳŅıĸńĔļĦƢĕŀĚĔŅĶŏĮƦĬĽŅĶīĶĶĴĝŅĨŇȮőħĵŏĞĶŅœĴħƢĪňŗıĭŒĬ

ıŊĝȮ&plant ceramides ľĶŊŀȮphyto-ceramides) ĴńĔŀĵŌƞŒĬĶŌĮĪňŗŏĞĶŅœĴħƢŏĔŅŃĨŇħĔńĭőėĶĚĽĶƟŅĚĪňŗĴňĕńŘĺȮ

&polar head group) ĪňŗĭĶŇŏĺĦȮC/ȮĕŀĚĽĲƕĚĔŀĵħƢŏĭĽħƟĺĵıńĬīŃœĔĸőėĞŇħŇĔȮőħĵĽŅĶĮĶŃĔŀĭŏľĸƞŅĬňŘ

ĭŅĚėĶńŘĚŏĶňĵĔĺƞŅȮcerebroside őħĵľŅĔőėĶĚĽĶƟŅĚĕŀĚŏĞĶŅœĴħƢĨƞŀĔńĭĔĸŌőėĽȮ/ȮőĴŏĸĔŋĸěŃŏĶňĵĔĺƞŅȮĔĸŌ

őėĞŇĸŏĞĶŅœĴħƢȮ&glucosylceramides) &ĳŅıĪňŗȮ5'ȮĞŉŗĚőħĵĪńŗĺœĮŏĞĶŅœĴħƢĪňŗĽĔńħœħƟěŅĔıŊĝĴńĔěŃŀĵŌƞŒĬĶŌĮ

ĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ 

ħńĚĬńŘĬıŊĝŀŅěŏĮƦĬŐľĸƞĚĪŅĚŏĸŊŀĔĪňŗŏľĴŅŃĽĴĽņľĶńĭĔŅĶĽĔńħĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&Reisberg et 

al., 0./5' ŐĸŃŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭőėĶĚĽĶƟŅĚĕŀĚŏĞĶŅœĴħƢěŅĔıŊĝĔńĭŏĞĶŅœĴħƢŒĬįŇĺľĬńĚěŃıĭĺƞŅĴňėĺŅĴ

ėĸƟŅĵėĸŉĚĔńĬȮŐĨƞĴňėĺŅĴŐĨĔĨƞŅĚŒĬŏĶŊŗŀĚĕŀĚėĺŅĴĵŅĺĽŅĵ, ĶŌĮŐĭĭĕŀĚľĴŌƞȮOH ĭĬĽŅĵĽĲƕĚĔŀĵħƢ

ŏĭĽ, ĶŃħńĭėĺŅĴŀŇŗĴĨńĺĕŀĚĽŅĵĽĲƕĚĔŀĵħƢŏĭĽ  ŐĸŃĽŅĵĔĶħœĕĴńĬȮĞŉŗĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢıĭœħƟĨŅĴ

īĶĶĴĝŅĨŇŒĬīńĠıŊĝȮľńĺȮŐĸŃıŊĝĨĶŃĔŌĸĩńŗĺľĸŅĵĝĬŇħȮŏĝƞĬȮĕƟŅĺĽŅĸňȮĕƟŅĺȮĕƟŅĺőıħȮĴńĬİĶńŗĚȮĴńĬŏĪĻȮȮĩńŗĺ

ŏľĸŊŀĚȮŐĸŃĭŋĔȮ&Tessema, Gebre-Mariam, Neubert, & Wohlrab, 0./5'Ȯ 
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ĳŅıĪňŗȮ7ȮőėĶĚĽĶƟŅĚĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 
ĪňŗĴŅ: Tessema, Gebre-Mariam, Lange, et al. (2017) 
 

őħĵĪńŗĺœĮıĭĺƞŅŏĞĶŅœĴħƢěŅĔıŊĝĴňėĺŅĴľĸŅĔľĸŅĵĴŅĔĔĺƞŅŒĬĶƞŅĚĔŅĵĕŀĚĴĬŋļĵƢȮ ŐĸŃĴň

őėĶĚĽĶƟŅĚĪňŗėĸƟŅĵėĸŉĚĔńĭŏĞĶŅœĴħƢŒĬįŇĺľĬńĚȮħńĚĬńŘĬįĸŇĨĳńĦĤƢĭņĶŋĚįŇĺĪňŗįĽĴĕŀĚŏĞĶŅœĴħƢěŅĔıŊĝěŉĚ

ĽŅĴŅĶĩĝƞĺĵŒľƟėĺŅĴĝŋƞĴĝŊŘĬŐĸŃĝƞĺĵŏıŇŗĴŏĔĶŅŃĮĔĮƚŀĚįŇĺľĬńĚœħƟȮ őħĵĴňĔŅĶĻŉĔļŅıĭĺƞŅĔŅĶœħƟĶńĭŏĞĶŅ

œĴħƢěŅĔıŊĝħƟĺĵĔŅĶĭĶŇőĳėľĶŊŀĔŅĶĪŅĪŅĚįŇĺľĬńĚĝƞĺĵĔĶŃĨŋƟĬĺĚěĶĔŅĶĽĶƟŅĚœĕĴńĬŒĬĝńŘĬįŇĺľĬńĚœħƟĴŅĔ

ĕŉŘĬľĶŊŀŐĴƟŐĨƞĔŅĶŏĕƟŅœĮŐĪĬĪňŗŏĞĶŅœĴħƢŒĬįŇĺľĬńĚĪňŗĽŌĠŏĽňĵœĮŒĬĭŅĚĽĳŅĺŃĕŀĚįŇĺľĬńĚľĶŊŀŒĬĔĶĦň

ĕŀĚĔŅĶĝĶŅĳŅı ěŅĔĚŅĬĺŇěńĵĕŀĚȮSugawara and Miyazawa (/777'ȮĞŉŗĚœħƟĺŇŏėĶŅŃľƢœĕĴńĬŒĬĽƞĺĬ

ĨƞŅĚŕȮěŅĔĨńĺŀĵƞŅĚȮıŊĝȮ48 ĝĬŇħıĭĺƞŅėƞŅŏĜĸňŗĵĕŀĚŏĞĶŅœĴħƢȮ&ŒĬĶŌĮȮceramide monohexoside) Ĵň

ėƞŅȮ10.1 mg/100 g Fresh weight basis (ĨŅĶŅĚĪňŗȮ1)ŒĬĮƤěěŋĭńĬĵńĚĴňėĺŅĴıĵŅĵŅĴŒĬĔŅĶľŅŐľĸƞĚ

ĕŀĚĺńĨĩŋħŇĭĝĬŇħŒľĴƞȮŕȮĽņľĶńĭĔŅĶĽĔńħŏĞĶŅœĴħƢŀĵƞŅĚĨƞŀŏĬŊŗŀĚőħĵŏĜıŅŃŐľĸƞĚĺńĨĩŋħŇĭĪňŗŏĮƦĬĕŀĚŏľĸŊŀ

ĪŇŘĚěŅĔŀŋĨĽŅľĔĶĶĴŏĔļĨĶĪňŗĴňĴŌĸėƞŅĨŗņȮȮĨńĺŀĵƞŅĚŏĝƞĬĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔĺńĨĩŋħŇĭĪňŗŏĮƦĬĕŀĚŏľĸŊŀĪŇŘĚ

ŒĬŀŋĨĽŅľĔĶĶĴŀŅľŅĶıĭĺƞŅŏĞĶŅœĴħƢŒĬĔŅĔŐŀĮŏĮƕƨĸȮ&apple pomace), ěĴŌĔĕƟŅĺĽŅĸňŐĸŃĔŅĔĔŅŐĲ

ĭħĴňĮĶŇĴŅĦȮ28.9 mg, 33.7 mg, ŐĸŃȮ4.4 mg/ 100 g ĨŅĴĸņħńĭȮŐĸŃŏĞĶŅœĴħƢěŅĔĽƞĺĬĔŅĔŏĬŊŘŀȮ

&pulp) ŐĸŃŏĮĸŊŀĔȮ&peel) ĕŀĚĽƟĴȮMoro blood orange ĴňĮĶŇĴŅĦȮ140 ŐĸŃȮ160 mg/ kg of 

orange ĨŅĴĸņħńĭ 
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ĨŅĶŅĚĪňŗȮ1 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&ceramide monohexoside, CMH) īńĠıŊĝȮıŊĝľńĺȮįńĔŐĸŃ

įĸœĴƟ 

ĨńĺŀĵƞŅĚ CMH ĨńĺŀĵƞŅĚ CMH 

īńĠıŊĝ 
- ĭŅĶƢŏĸƞĵƢ 
- ĕƟŅĺőıħ 
- ĕƟŅĺȮ 
- ŐĮƚĚĽŅĸň 

ıŊĝĨĶŃĔŌĸĩńŗĺ 
- ĩńŗĺŀŃĞŌĔŇ 
- ĩńŗĺŏľĸŊŀĚŏĴŖħħņ 
- ĩńŗĺĸńĬŏĨŅ 
- ĩńŗĺŐħĚ 
- ĩńŗĺŏľĸŊŀĚ 

įńĔŒĭ 
- ĔŃľĸŗņĮĸň 
- įńĔĔŅħĕŅĺ 
- ĨƟĬĔĶŃĪňĵĴ 
- įńĔĔŅħľŀĴ 
- įńĔĝňİĶńŗĚ 
- ŒĭĚŅĕňŘĴƞŀĬ 
- įńĔőĕĴ 

ĔƟŅĬįńĔ 
- ľĬƞŀœĴƟİĶńŗĚ 
- ĭĶŖŀėőėĸň 
- ĔŃľĸŗņħŀĔ 
- ĕŉŘĬĜƞŅĵ 
- ĨƟĬľŀĴ 
- ľŀĴŒľĠƞ 

 
14.4 
11.5 
2.5 
21.0 

 
1.,1 
00,0 
/5,1 
/3,6 
6,. 
 
/.,. 
4,6 
4,2 
3,/ 
2,2 
2.,7 
/1,7 

 
/2,3 
05,7 
/6,0 
0,. 
3,/ 
1,2 

ľńĺŐĸŃĶŅĔįńĔ 
- įńĔŏĸňĵĚ 
- ĶŅĔœĴƟőĔőĭ 
- ŐėĶŀĨ 
- ĔĸŀĵěňĬȮ&ŁĺĵĞńĺ' 
- ĔĶŃŏĪňĵĴ 
- ľńĺœĝŏĪƟŅĠňŗĮŋƙĬ 
- ĶŅĔĭńĺ 
- ĴńĬİĶńŗĚ 
- ĴńĬŏĪĻ 
- ľńĺįńĔĔŅħ 

įńĔįĸ 
- ŐĨĚĔĺŅ 
- ĴŃŏĕŊŀĴƞĺĚ 
- ıĶŇĔıŇŏĴňĵĬőĨ 
- ĲƤĔĪŀĚ 
- ĴŃŏĕŊŀŏĪĻ 
- ŐĨĚőĴ 

įĸœĴƟ 
- ŐŀĮŏĮƕĸ 
- ĔĸƟĺĵ 
- ŀĚŋƞĬ 
- ŏĔĶĮĲĶŋĨ 
- ĸŌĔıĸńĭĠňŗĮŋƙĬ 
- Ĕňĺň 
- ŏĸĴŀĬ 
- ĽƟĴĞńĪĞŌĴŅȮ 
- ŐıĶƢ 
- ĽĨĶŀĺƢŏĭŀĶƢĶň 

 
/3,/ 
5,1 
/,2 
4,0 
3,7 
1,2 
5,7 
1,/ 
/2,/ 
3,6 
 
/3,7 
/2,1 
/2,6 
2,4 
1,2 
/,2 
 
5,/ 
/,0 
5,7 
6,7 
1,6 
4,0 
5,1 
2,7 
4,6 
1,2 

 

 *(mg/100g) Fresh weight basis (ĕƟŅĺĭŅĶƢŏĸĵƢȮĕƟŅĺȮŐĮƚĚĽŅĸňȮĩńŗĺŀŃĞŌĔŇȮĩńŗĺħņȮĩńŗĺĸńĬŏĨŅȮĩńŗĺŏľĸŊŀĚȮ
ĴňľĬƞĺĵŏĮƦĬȮdry matter' 
ĪňŗĴŅ8ȮħńħŐĮĸĚěŅĔȮSugawara and Miyazawa (1999) 
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2.4 ŏľŖħ 

ŏľŖħŀĵŌƞŒĬŀŅĦŅěńĔĶĕŀĚŏĝŊŘŀĶŅŐĸŃĴńĔŀŅĻńĵŀĵŌƞĶƞĺĴĔńĬĔńĭıŊĝĝĬŇħŀŊŗĬȮ ĞŉŗĚĽƞĺĬŒľĠƞŏĮƦĬĶŅĔ

ĕŀĚĨƟĬœĴƟĭŅĚĝĬŇħĞŉŗĚĪńŘĚĽŀĚœħƟĮĶŃőĵĝĬƢěŅĔėĺŅĴĽńĴıńĬīƢĬňŘȮŏľŖħĩŌĔŒĝƟŏĮƦĬŀŅľŅĶĨńŘĚŐĨƞĽĴńĵőĭĶŅĦ

ŐĸŃěńħŏĮƦĬŀŅľŅĶĮĶŃěņĺńĬĕŀĚĴĬŋļĵƢĪňŗŀŋħĴħƟĺĵėŋĦėƞŅĪŅĚŀŅľŅĶĪňŗĴňėŋĦėƞŅŐėĸŀĶňŗŐĸŃœĕĴńĬĨŗņ, Ĵň

ĔĶħœĕĴńĬěņŏĮƦĬ, őĮĶĨňĬěŅĔıŊĝ, ŐĶƞīŅĨŋŐĸŃĺŇĨŅĴŇĬĽŌĚȮ ŐĸŃěņŏĮƦĬĽņľĶńĭĔŅĶŏěĶŇĠŏĨŇĭőĨŐĸŃ

ŏĽĶŇĴĽĶƟŅĚėĺŅĴŐĕŖĚŐĶĚĕŀĚĶƞŅĚĔŅĵȮĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢŒĬĸńĔļĦŃŏĮƦĬıŊĝȮŀŅľŅĶȮĵŅĶńĔļŅőĶėŐĸŃ

ŀŊŗĬȮŕȮ&Marçal et al., 0.0/' ĶĺĴĩŉĚŏľŖħĭŅĚĝĬŇħœħƟĶńĭĔŅĶĶŅĵĚŅĬĺƞŅŏĮƦĬŀŅľŅĶĪňŗŒĝƟĮĶŃőĵĝĬƢŒĬĔŅĶ

ĶńĔļŅőĶėĞŉŗĚĴňĮĶŃőĵĝĬƢŒĬĔŅĶĮƚŀĚĔńĬőĶėȮŏĝƞĬȮ ėĺŅĴħńĬőĸľŇĨĽŌĚ,ȮœĕĴńĬŒĬŏĸŊŀħĽŌĚ, ŐĸŃĴŃŏĶŖĚȮ

ĸńĔļĦŃĔŅĶĪņĚŅĬŏľĸƞŅĬňŘĽƞĺĬŒľĠƞŏĮƦĬŏıĶŅŃŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮĬŀĔěŅĔĬňŘȮŏľŖħĵńĚŀŋħĴœĮħƟĺĵĽŅĶ

ŀŀĔķĪīŇśĪŅĚĝňĺĳŅıȮŏĝƞĬȮĽŅĶĮĶŃĔŀĭĲƖĬŀĸŇĔȮőıĸŇėňœĪħƢȮŏĪŀĶƢĮƖĬȮĞŅőĮĬŇĬȮŏŀŀĶƢĔŀĽŏĨŀĶŀĸȮŐĸŃȮ

ĽŏĨňĵĶŀĵħƢȮĞŉŗĚŒĬŏľŖħĽħĴňĬŘņŒĬĮĶŇĴŅĦĽŌĚȮ&80ů94%)Ȯ&Hanus, Shkrob, & Dembitsky, 0..6'ȮŐĸŃȮ

ŏľŖħŐľƟĚĴňőĮĶĨňĬĮĶŃĴŅĦȮ22% ĞŉŗĚĶĺĴĩŉĚĔĶħŀŃĴŇőĬĪňŗěņŏĮƦĬĽƞĺĬŒľĠƞ*ȮœĕĴńĬĮĶŃĴŅĦȮ5% ĽƞĺĬ

ŒľĠƞŀĵŌƞŒĬĶŌĮĕŀĚĔĶħœĸőĬŏĸŀŇĔȮ&ĔĶħœĕĴńĬěņŏĮƦĬĪňŗœĴƞœħƟĽńĚŏėĶŅŃľƢŒĬĶƞŅĚĔŅĵĴĬŋļĵƢ'*ȮĮĶŃĴŅĦȮ

10% ŏĩƟŅŏĮƦĬŐĶƞīŅĨŋȮŐĸŃėŅĶƢőĭœŁŏħĶĨĮĶŃĴŅĦȮ63% ĽƞĺĬŒľĠƞŏĮƦĬıŀĸŇŐĞŖĔėŅœĶħƢ (Cheung, 

2013) 

 ĮĶŃŏĪĻœĪĵŏĮƦĬĮĶŃŏĪĻŏĔļĨĶĔĶĶĴĪňŗĴňŐľĸƞĚŏıŅŃŏľŖħĪňŗľĸŅĔľĸŅĵȮĬŀĔěŅĔĬňŘěŅĔŏľĬŊŀ

ěĶħŒĨƟĕŀĚĮĶŃŏĪĻœĪĵĵńĚŀŋħĴœĮħƟĺĵŏľŖħĮƙŅŐĸŃŏľŖħĪňŗŏıŅŃŏĸňŘĵĚȮĞŉŗĚŏĮƦĬĽƞĺĬĮĶŃĔŀĭľĸńĔĕŀĚŀŅľŅĶ

œĪĵĴŅĔĴŅĵ &Wunjuntuk et al., 0.00' ėĺŅĴľĸŅĔľĸŅĵĝĬŇħŐĸŃėŋĦėƞŅĪŅĚőĳĝĬŅĔŅĶĪňŗĽŌĚĕŀĚ

ŏľŖħȮĽƞĚįĸĪņŒľƟėĺŅĴĨƟŀĚĔŅĶĕŀĚĨĸŅħĴňŐĬĺőĬƟĴŏıŇŗĴĕŉŘĬȮĬŀĔěŅĔĬňŘŒĬĝƞĺĚȮĮƖȮė,Ļ,Ȯ2000 ĩŉĚȮ2018 

ĔŅĶįĸŇĨŏľŖħĪńŗĺőĸĔŏıŇŗĴĕŉŘĬěŅĔȮ4,19 ŏĮƦĬȮ8,99 ĸƟŅĬĨńĬ-ĮƖȮĮƤěěŋĭńĬĴňŏľŖħĴŅĔĔĺƞŅȮ20ȮĝĬŇħĪňŗĮĸŌĔŒĬ

ŏĝŇĚıŅĦŇĝĵƢȮ ŀĵƞŅĚœĶĔŖĨŅĴĔŅĶěņľĬƞŅĵŏľŖħĽħŒĬŏĝŇĚıŅĦŇĝĵƢĴňėĺŅĴĪƟŅĪŅĵĪňŗĽņėńĠȮ ŏĬŊŗŀĚěŅĔŏĮƦĬ

įĸŇĨĳńĦĤƢŀŅľŅĶĪňŗŏĬƞŅŏĽňĵĚƞŅĵŐĸŃĴńĔěŃĽŌĠŏĽňĵėŋĦĳŅıĪńĬĪňľĸńĚĔŅĶŏĔŖĭŏĔňŗĵĺ ŐĸŃŏľŖħĴňėŋĦĽĴĭńĨŇ

ĭŅĚŀĵƞŅĚĪňŗĽƞĚŏĽĶŇĴĔŅĶĵƞŀĵĽĸŅĵŀĵƞŅĚĶĺħŏĶŖĺĕŀĚıĺĔĴńĬȮėŊŀĴňėĺŅĴĝŊŘĬĽŌĚ*ȮpH ŏĮƦĬĔĸŅĚ*ȮŀńĨĶŅĔŅĶ

ľŅĵŒěĽŌĚ*ȮķĪīŇśĕŀĚŏŀĬœĞĴƢŒĬĶŃħńĭĽŌĚȮŐĸŃĔŅĶŏěĶŇĠĕŀĚěŋĸŇĬĪĶňĵƢȮĔŅĶŏĽŊŗŀĴĽĳŅıėŋĦĳŅıĕŀĚŏľŖħ

ĽƞĚįĸŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵėĺŅĴĝŊŘĬȮĶĽĝŅĨŇŐĸŃĽŅĶŀŅľŅĶȮĔŅĶŏĮĸňŗĵĬĽňȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏĬŊŘŀĽńĴįńĽȮ

ĶĺĴĩŉĚĬŘņľĬńĔĕŀĚŏľŖħĸħĸĚĽƞĚįĸŒľƟĴŌĸėƞŅĪŅĚŏĻĶļģĔŇěĸħĸĚȮ&Marçal et al., 0.0/'ȮěŉĚŏĮƦĬĽŅŏľĨŋ

ľĸńĔĪňŗĪŜŅŒľƟŏľŖħĪňŗŏĔŖĭŏĔňŗĵĺĴŅŐĸƟĺœĴƞĽŅĴŅĶĩĕŅĵœħƟȮŐĸŃĪŜŅŒľƟĴňŏĻļŏľĸŊŀŏĮƦĬěŜŅĬĺĬĴŅĔȮĞŉŗĚŏĻļ

ŏľĸŊŀŏľĸƞŅĬňŘœĴƞĴňĴŌĸėƞŅĪŅĚĔŅĶĨĸŅħŐĸŃőħĵĪńŗĺœĮĬŇĵĴĬŜŅœĮŒĝƟŏĮƦĬŀŅľŅĶĽńĨĺƢĮƖĔľĶŊŀĪŜŅĮŋƜĵľĴńĔĞŉŗĚĴň
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ĴŌĸėƞŅĨŗņěŉĚĨƟŀĚĔŅĶŏıŇŗĴĴŌĸėƞŅĕŀĚŏľŖħ őħĵŐĬĺĪŅĚŒĬĔŅĶŏıŇŗĴĴŌĸėƞŅŀĵƞŅĚľĬŉŗĚĪňŗŏĮƦĬœĮœħƟĽŌĚȮ ėŊŀĔŅĶ

ĽĔńħĽŅĶĪňŗĴňĴŌĸėƞŅĽŌĚȮőħĵĽŅĶĪňŗĴňėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶĽĔńħŏĝŇĚıŅĦŇĝĵƢėŊŀĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 

 

2.5 ĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħ 

ĔĸŌőėĞŇĸŏĞĶŅœĴħƢĽŅĴŅĶĩıĭœħƟŒĬıŊĝȮ ŏĝŊŘŀĶŅȮ ŐĸŃĽńĨĺƢȮ ŐĴƟĺƞŅěŃĴňėĺŅĴŐĨĔĨƞŅĚĪňŗĝńħŏěĬ

ŏĔňŗĵĺĔńĭőėĶĚĽĶƟŅĚĽĲƕĚĔŀĵħƢŏĭĽĕŀĚŏĞĶŅœĴħƢŒĬĽŇŗĚĴňĝňĺŇĨŏľĸƞŅĬňŘȮĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏĮƦĬőĴŏĸĔŋĸĪňŗ

ĽŅĴŅĶĩıĭĴŅĔŒĬŏľŖħŏĝƞĬĔńĬȮ(Wen & Jing, 2022) 

Meng et al. (0./0'ȮĻŉĔļŅķĪīŇśĪŅĚĝňĺĳŅıĕŀĚĽŅĶĽĔńħěŅĔŏľŖħĬŅĚĶĴĽňĪŀĚȮ&Pleurotus 

Citrinopileatus Singer'ȮĽņľĶńĭŏėĶŊŗŀĚĽņŀŅĚĽņľĶńĭįŇĺľĬńĚȮőħĵįĸĕŀĚĔŅĶĻŉĔļŅŐĽħĚŒľƟŏľŖĬĺƞŅ

ŏľŖħĬŅĚĶĴĽňĪŀĚĴňķĪīŇśĨƟŅĬĔŅĶĽĶƟŅĚŏĴŖħĽňȮĽŅĶĨƟŅĬŀĬŋĴŌĸŀŇĽĶŃȮĽŅĶĨƟŅĬěŋĸŇĬĪĶňĵƢȮŐĸŃĽŅĶĨƞŀĨƟŅĬœŁ

ĵŅĸŌőĶĬŇŏħĽȮ ŐĸŃěŅĔĔŅĶĨĶĺěĽŀĭŀĚėƢĮĶŃĔŀĭĪňŗŀŀĔķĪīŇśĪŅĚĝňĺĳŅıĪņŒľƟĽŅĴŅĶĩŐĵĔĽŅĶĨƟŅĬ

ěŋĸŇĬĪĶňĵƢœħƟȮėŊŀȮĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 

ĬŀĔěŅĔĬňŘŏĞĶŅœĴħƢěŅĔŏľŖħœħƟĶńĭĔŅĶĻŉĔļŅŒĬŏĝŇĚĺŇĝŅĔŅĶěŅĔĭĶŇļńĪȮNorth Life ĮĶŃŏĪĻ

ĠňŗĮŋƙĬȮĞŉŗĚĻŉĔļŅĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔŏľŖħȮTamogi (Pleurotus cornucopiae var. citrinopileatus) 

ŐĸŃıĭĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħȮTamogi ĴňőėĶĚĽĶƟŅĚĪňŗĴňĬŘņľĬńĔőĴŏĸĔŋĸŏĮƦĬȮ727Ȯg/mol (ĳŅıĪňŗȮ

7)  

 

ĳŅıĪňŗȮ6ȮŏľŖħȮTamogi  
ĪňŗĴŅ: www.northlife.co.jp 
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ĳŅıĪňŗȮ9ȮőėĶĚĽĶƟŅĚĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħȮTamogi  
ĪňŗĴŅ: www.northlife.co.jp 
 

0,4ȮĔŅĶĽĔńħĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔıŊĝ 

ĔŅĶŐĵĔŀĚėƢĮĶŃĔŀĭĕŀĚœĕĴńĬŀŀĔěŅĔıŊĝĬńŘĬŏĮƦĬĕńŘĬĨŀĬŐĶĔŒĬĔŅĶĺŇŏėĶŅŃľƢœĕĴńĬŐĸŃ

ŏĮƦĬĕńŘĬĨŀĬĽņėńĠŒĬĔŅĶĔņěńħĽƞĺĬĮĶŃĔŀĭĕŀĚœĕĴńĬĪńŘĚľĴħŒĬıŊĝĪňŗŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢȮĔŅĶŏĸŊŀĔĨńĺ

ĪņĸŃĸŅĵĪňŗŏľĴŅŃĽĴŏĮƦĬŀňĔĕńŘĬĨŀĬĪňŗĽņėńĠŒĬĶŃľĺƞŅĚĔŅĶĽĔńħœĕĴńĬȮ&Mumtaz, Zubair, Khan, & 

Niaz, 0.0.'ȮőħĵĪńŗĺœĮŐĸƟĺĔŅĶĽĔńħœĕĴńĬĝĬŇħĪňŗŏĮƦĬĔĸŅĚȮ&neutral lipid) ĪňŗŏĮƦĬœĕĴńĬĽŃĽĴȮŏĝƞĬȮ

œĨĶĔĸňŏĞŀœĶħƢĬńŘĬȮĬŇĵĴŒĝƟĨńĺĪņĸŃĸŅĵĪňŗœĴƞĴňĕńŘĺȮŏĝƞĬȮŏŁĔŏĞĬȮœħŏŀĪĪŇĸŀňŏĪŀĶƢȮľĶŊŀėĸŀőĶĲŀĶƢĴȮŐĨƞ

ľŅĔŏĮƦĬœĕĴńĬĪňŗŀĵŌƞŒĬĽƞĺĬŏĵŊŗŀľŋƟĴŏĞĸĸƢĞŉŗĚĴńĔěŃĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚĔĺƞŅĴńĔěŃĨƟŀĚŒĝƟĨńĺĸŃĸŅĵĪňŗĴňėĺŅĴ

ŏĮƦĬĕńŘĺĽŌĚĕŉŘĬȮŏĝƞĬȮŏŀĪŅĬŀĸȮľĶŊŀŏĴĪŅĬŀĸȮŏĞĶŅœĴħƢŏĮƦĬĔĸŋƞĴĕŀĚœĕĴńĬĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĮŅĬĔĸŅĚȮ

&medium polarity lipid)ȮŐĸŃĺŇīňĔŅĶĪňŗŒĝƟŒĬĔŅĶĽĔńħœĕĴńĬěŅĔıŊĝĪňŗĬŇĵĴŒĝƟőħĵŒĝƟĨńĺĪņĸŃĸŅĵėŊŀ

ėĸŀőĶĲŀĶƢĴŐĸŃŏĴĪŅĬŀĸŒĬŀńĨĶŅĽƞĺĬȮ08/ v/v ľĶŊŀĪňŗŏĶňĵĔĔĺƞŅȮDmjafŲqȮkcrfmbȮ&Folch, Lees, 

& Stanley, /735'ȮĞŉŗĚĴňĮĶŃĽŇĪīŇĳŅıĴŅĔŒĬĔŅĶŐĵĔĲŀĽőĲĸŇĮƕħŐĸŃœĕĴńĬĪňŗŏĮƦĬĔĸŅĚŀŀĔěŅĔ

ĨńĺŀĵƞŅĚȮŐĨƞŏĬŊŗŀĚěŅĔėĸŀőĶĲŀĶƢĴĽƞĚįĸŀńĬĨĶŅĵĨƞŀĽŋĕĳŅıȮĨńĺŀĵƞŅĚŏĝƞĬȮ

dichloromethane/methanolȮěŉĚĴňĔŅĶĻŉĔļŅĽŅĶĸŃĸŅĵŀŊŗĬĴŅŒĝƟŒĬĔŅĶĽĔńħŐĪĬŏĞĶŅœĴħƢŐĸŃ

ĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŃĴňŀĚėƢĮĶŃĔŀĭŀŊŗĬĪňŗœĴƞĨƟŀĚĔŅĶĮĬŀĵŌƞȮŏĝƞĬȮœĨĶĔĸňŏĞŀœĶħƢȮœħĔĸňŏĞŀœĶħƢȮőĴőĬĔĸň

ŏĞŀœĶħƢȮĔĶħœĕĴńĬȮĽŏĨŀĶŇĸĔĸŌőėœĞħƢȮ&steryl glucoside) ŐĸŃȮĲŀĽĲŀĸŇıŇħȮ(ĳŅıĪňŗȮ/.'ȮŐĸŃ

ŏĬŊŗŀĚěŅĔŏĞĶŅœĴħƢŏĮƦĬĔĸŋƞĴĕŀĚœĕĴńĬĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĮŅĬĔĸŅĚħńĚĬńŘĬŒĬĔŅĶĽĔńħŏĞĶŅœĴħƢħƟĺĵĨńĺĪņ

ĸŃĸŅĵĮĶŃŏĳĪŐŀĸĔŀŁŀĸƢŏĮƦĬĨńĺĪņĸŃĸŅĵĪňŗĬŇĵĴȮŏĬŊŗŀĚěŅĔŐŀĸĔŀŁŀĸƢěŃĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚĞŉŗĚ

ĽŅĴŅĶĩĽĔńħœĕĴńĬĔĸŋƞĴœĨĶĔĸňŏĞŀœĶħƢœħƟĨŗņěŉĚĪņŒľƟĸħĔŅĶŏěŊŀĮĬĕŀĚĽŅĶĽĔńħŏĞĶŅœĴħƢĪňŗĽĔńħěŅĔ

ĨńĺŀĵƞŅĚœħƟĴŅĔ 
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ĳŅıĪňŗȮ10 įĸĔŅĶĺŇŏėĶŅŃľƢȮTLC ŐĽħĚŀĚėƢĮĶŃĔŀĭĪňŗıĭŒĬĽŅĶĽĔńħěŅĔȮ&ĞƟŅĵœĮĕĺŅ'ȮěĴŌĔĕƟŅĺőıħȮ
ĶņĕƟŅĺȮľńĺĭŋĔȮŐĸŃĶņĕƟŅĺĽŅĸň 
ĪňŗĴŅ8ȮYunoki and Ohnishi (2011) 
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ĮƤěěŋĭńĬĽŅĴŅĶĩıĭįĸŇĨĳńĦĤƢĪňŗŒĝƟŏĞĶŅœĴħƢŏĮƦĬŀĚėƢĮĶŃĔŀĭőħĵŏĜıŅŃŒĬĶŌĮĕŀĚ

ŏėĶŊŗŀĚĽņŀŅĚĭņĶŋĚįŇĺȮŐĸŃįĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶĪňŗĺŅĚĕŅĵŒĬŏĝŇĚıŅĦŇĝĵƢȮħńĚĨńĺŀĵƞŅĚŒĬĳŅıĪňŗȮ// 

 

 
įĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶįĽĴŏĞĶŅœĴħƢěŅĔĕƟŅĺĽŅĸň 

 
ėĶňĴŒľƟėĺŅĴĝŋƞĴĝŊŘĬįĽĴŏĞĶŅœĴħƢěŅĔĽńĭĮŃĶħ 

 
įĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶįĽĴŏĞĶŅœĴħƢěŅĔľńĺĭŋĔ 

 
ėĶňĴĭņĶŋĚįŇĺįĽĴŏĞĶŅœĴħƢěŅĔŏľŖħ 

 
ĝŖŀĔőĔŐĸĨįĽĴŏĞĶŅœĴħƢěŅĔĕƟŅĺĽŅĸň 

 

įĸŇĨĳńĦĤƢŏĽĶŇĴŀŅľŅĶįĽĴŏĞĶŅœĴħƢěŅĔıňĝ 

 

ĳŅıĪňŗȮ11ȮĨńĺŀĵƞŅĚįĸŇĨĳńĦĤƢĪňŗįĽĴŏĞĶŅœĴħƢěŅĔıŊĝ 
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0,5ȮĪņĭĶŇĽŋĪīŇśŏĞĶŅœĴħƢěŅĔıŊĝ 

ĽŅĶĽĔńħľĵŅĭĪňŗœħƟĴŅěŅĔĔŅĶĽĔńħıŊĝħƟĺĵĨńĺĪņĸŃĸŅĵőħĵĪńŗĺœĮěŃĴňŏĞĶŅœĴħƢįĽĴŀĵŌƞŒĬĬƟŀĵ

ĴŅĔŐĸŃĵńĚĴňŀĚėƢĮĶŃĔŀĭŀŊŗĬĪňŗœĴƞĨƟŀĚĔŅĶŀĵŌƞħƟĺĵŒĬĮĶŇĴŅĦĴŅĔȮěŉĚĨƟŀĚĴňĔĶŃĭĺĬĔŅĶŒĬĔŅĶĪņŒľƟ

ŏĞĶŅœĴħƢĴňėĺŅĴĭĶŇĽŋĪīŇśĴŅĔĕŉŘĬȮ ĞŉŗĚĔĶŃĭĺĬĔŅĶŒĬĔŅĶĪņĭĶŇĽŋĪīŇśœĕĴńĬĪňŗĽĔńħœħƟěŅĔıŊĝŏıŊŗŀŒľƟĴň

ĮĶŇĴŅĦŏĞĶŅœĴħƢĪňŗĽŌĚĕŉŘĬȮĽŅĴŅĶĩŒĝƟľĸńĔĔŅĶħńĚĨƞŀœĮĬňŘ (Work & Work, 1972) 

(1) ĔŅĶŐĭƞĚĸŃĸŅĵŒĬĨńĺĪņĸŃĸŅĵȮ &solvent partition) ŏĪėĬŇėĔŅĶŐĵĔőħĵŒĝƟĔŅĶŐĭƞĚ

ĸŃĸŅĵȮ ėŊŀȮ ĔŅĶŒĝƟĨńĺĪņĸŃĸŅĵĪňŗįĽĴĔńĬœĴƞœħƟĽŀĚĨńĺŒĬĔĶĺĵŐĵĔŏĮƦĬľĸńĔȮ ŐĸŃĽŅĶĮĶŃĔŀĭěŃĩŌĔ

ĔĶŃěŅĵŒĬĨńĺĪņĸŃĸŅĵĪńŘĚĽŀĚĨńĺȮ őħĵĽŅĶĮĶŃĔŀĭĪňŗĨƟŀĚĔŅĶěŃĽŅĴŅĶĩĸŃĸŅĵŒĬĨńĺĪņĸŃĸŅĵȮA 

ľĶŊŀĨńĺĪņĸŃĸŅĵȮB ĴŅĔĔĺƞŅĔńĬȮĺŇīňĬňŘėƞŀĬĕƟŅĚŒĝƟĚŅĬĚƞŅĵŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĽŌĚŏĮƦĬĕńŘĬĨŀĬŐĶĔĕŀĚ

ĔŅĶŐĵĔĽŅĶĮĶŃĔŀĭŀŀĔěŅĔĽŅĶĽĔńħľĵŅĭĕŀĚįĸŇĨĳńĦĤƢīĶĶĴĝŅĨŇŒĬĺĚĔĺƟŅĚȮ őħĵĪńŗĺœĮĽŅĶĽĔńħ

ěŅĔīĶĶĴĝŅĨŇȮŏĝƞĬȮıŊĝěŃĩŌĔĽĔńħħƟĺĵĨńĺĪņĸŃĸŅĵĪňŗĴňĕńŘĺȮŏĝƞĬȮŏŁĔŏĞĬȮœħŏŀĪŇĸŀňŏĪŀĶƢȮėĸŀőĶĲŀĶƢĴȮ

ŏĮƦĬĨƟĬȮĨŅĴħƟĺĵĨńĺĪņĸŃĸŅĵĪňŗĴňĕńŘĺĴŅĔĕŉŘĬȮŏĝƞĬȮŏĴĪŅĬŀĸȮľĶŊŀȮŏŀĪŅĬŀĸȮĞŉŗĚĕŉŘĬŀĵŌƞĔńĭĽŅĶŏėĴňŐĸŃ

ĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĽŅĶĮĶŃĔŀĭĪňŗĨƟŀĚĔŅĶ (Otsuka, 2008) ŏĬŊŗŀĚěŅĔőėĶĚĽĶƟŅĚŒĬœĕĴńĬĽƞĺĬĪňŗ

ŏĮƦĬĕńŘĺĪņŒľƟœĕĴńĬĔĸŋƞĴœĔĸőėĽĲƕĚőĔĸŇıŇħȮ ĞŉŗĚĶĺĴĩŉĚŏĞĶŅœĴħƢĬńŘĬŀĵŌƞŒĬĔĸŋƞĴĪňŗŏĮƦĬœĕĴńĬĴňĕńŘĺĮŅĬĔĸŅĚȮ

ĽŅĴŅĶĩĩŌĔŐĵĔŀŀĔěŅĔœĕĴńĬĪňŗŏĮƦĬĔĸŅĚœħƟħňħƟĺĵĔŅĶŒĝƟĔŅĶŐĭƞĚĸŃĸŅĵŒĬŏŀĪŅĬŀĸȮ87% ĔńĭĨńĺĪņ

ĸŃĸŅĵĪňŗœĴƞĴňĕńŘĺŀĵƞŅĚŏĝƞĬȮŏŁĔŏĞĬȮľĶŊŀȮpetroleum ether 

(2) ĔŅĶŐĵĔĽƞĺĬħƟĺĵĨńĺĪņĸŃĸŅĵȮ&Solvent fractionation)ȮŏĮƦĬĺŇīňĪňŗĚƞŅĵĪňŗĽŋħŐĸŃĭŅĚėĶńŘĚĔŖ

ĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĪňŗĽŋħŒĬĔŅĶŐĵĔĔĸŋƞĴĕŀĚœĕĴńĬĪňŗĽĬŒěȮ ĺŇīňĔŅĶĬňŘĕŉŘĬŀĵŌƞĔńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶ

ĸŃĸŅĵĪňŗŐĨĔĨƞŅĚĔńĬĕŀĚœĕĴńĬŒĬĨńĺĪņĸŃĸŅĵŀŇĬĪĶňĵƢ ĔŅĶĨĔĨŃĔŀĬĕŀĚŀŃĞŇőĨĬŒĝƟŏıŊŗŀŐĵĔœĕĴńĬĪňŗĴň

ĕńŘĺȮ &ĲŀĽőĲĸŇĮƕħŐĸŃœĔĸőėĸŇĮƕħ'ȮŀŀĔěŅĔœĕĴńĬĪňŗŏĮƦĬĔĸŅĚľĶŊŀœĴƞĴňĕńŘĺȮ &œĨĶĔĸňŏĞŀœĶħƢȮ

ėŀŏĸĽŏĨŀĶŀĸȮŏĴŖħĽňĭŅĚĝĬŇħ'ȮVandana, Karuna, Vijayalakshmi, and Prasad (0../'ȮĪħĸŀĚ

ĔŅĶŐĵĔŏĸĞŇĨŇĬěŅĔĩńŗĺŏľĸŊŀĚőħĵŒĝƟĽŅĶĸŃĸŅĵŀŃĞŇőĨĬŐĭĭŏĵŖĬȮ ŐĸŃĽƞĺĬĕŀĚŀŃĞŇőĨĬĪňŗŐĵĔŀŀĔĴŅ

œħƟĬńŘĬŏĮƦĬĽƞĺĬĕŀĚœĕĴńĬĪňŗŏĮƦĬĔĸŅĚ 

(3) ĔŅĶħŌħĞńĭŐĭĭĩńĚĔĺĬȮ&stirred batch adsorption)ȮĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĔŅĶħŌħĞńĭŐĸŃ

ėŅĵħŌħĞńĭȮ &adsorption-desorption) ŐĭĭĩńĚĔĺĬŏĮƦĬŀňĔȮĶŌĮŐĭĭľĬŉŗĚĕŀĚĔŅĶŒĝƟĞŇĸŅĔŅŏěĸőħĵ

ŀŅĻńĵėŋĦĽĴĭńĨŇȮėŊŀȮĞŇĸŇĔŅŏěĸŏĮƦĬŏĲĽėĚĪňŗĪňŗĬŇĵĴŒĝƟĔńĭėŀĸńĴĬƢőėĶĴŅőĨĔĶŅĲƖĞŇĸŇĔŅŏěĸėŊŀŀĬŋĳŅėĕŀĚ

ĞŇĸŇĔŅœħŀŀĔœĞħƢȮŒĬĶŌĮĪňŗŏĮƦĬŀĽńĦģŅĬĪňŗĴňĶŌıĶŋĬőħĵĪňŗįŇĺľĬƟŅěŃĴňıńĬīŃȮSi-OH ĞŉŗĚĪņŒľƟĞŇĸŇĔŅŏěĸŏĮƦĬ
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ĨńĺħŌħĞńĭĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺȮ&polar) ĽŌĚȮĞŇĸŇĔŅŏěĸĪňŗŒĝƟŒĬĚŅĬőėĶĴŅőĨĔĶŅĲƖŐĭĭėŀĸńĴĬƢŏĮƦĬĞŇĸŇĔŅŏěĸĪňŗ

ĴňĕĬŅħŏĸŖĔȮ5.ȮůȮ01.Ȯmesh (41ȮůȮ0..Ȯµm) ŐĸŃȮ01.ȮůȮ2..Ȯmesh (2.ȮůȮ41Ȯµm)  ŐĴƟĺƞŅ

őħĵĪńŗĺœĮŐĸƟĺĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŐĭĭĩńĚĔĺĬěŃĴňĮĶŃĽŇĪīŇĳŅıĨŗņĔĺƞŅĔŅĶŒĝƟėŀĸńĴĬƢŐĨƞŀŅěěŃŒĝƟŏĮƦĬ

ĔĶŃĭĺĬĔŅĶĕńŘĬĨƟĬŏıŊŗŀĔņěńħœĕĴńĬĭŅĚĔĸŋƞĴŀŀĔěŅĔĨńĺŀĵƞŅĚœħƟŏĬŊŗŀĚěŅĔĴňĕńŘĬĨŀĬĪňŗĴňėĺŅĴĞńĭĞƟŀĬ

ĬƟŀĵĔĺƞŅ Fabian, Gunawan, Kasim, Chiang, and Ju (0..7'ȮœħƟŒĝƟĔŅĶĔŅĶħŌħĞńĭŐĭĭĩńĚĔĺĬħƟĺĵ

ĞŇĸŇĔŅŏěĸŒĬĔŅĶŐĵĔœĕĴńĬœĴƞĴňĕńŘĺȮ&non-polar lipid) ŀŀĔěŅĔĽƞĺĬĪňŗœħƟěŅĔĔŅĶĔĸńŗĬŏıŊŗŀĔņěńħĔĸŇŗĬ

ĕŀĚĬŘņĴńĬĩńŗĺŏľĸŊŀĚȮ&soybean oil deodorizer distillate) őħĵŒĝƟĞŇĸŇĔŅŏěĸĕĬŅħȮ60-200 µm ĔĺĬ

įĽĴĔńĭĨńĺŀĵƞŅĚŒĬĨńĺĪņĸŃĸŅĵŏŁĔŏĞĬȮ ıĭĺƞŅĽŅĴŅĶĩŐĵĔœĕĴńĬœĴƞĴňĕńŘĺőħĵŏĜıŅŃŐĵĔȮfatty acid 

steryl esters œħƟȮ96.39%ȮŐĸŃŐĵĔȮsqualene œħƟȮ100%ȮħńĚĬńŘĬĔŅĶħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸŐĭĭĩńĚ

ĔĺĬŀŅěŏĮƦĬĺŇīňľĬŉŗĚŒĬĔŅĶĔņěńħœĕĴńĬĽƞĺĬĪňŗœĴƞĴňĕńŘĺŀŀĔěŅĔĽŅĶĽĔńħŏĞĶŅœĴħƢœħƟŐĨƞĵńĚœĴƞŏėĵĴňĶŅĵĚŅĬ

ĴŅĔƞŀĬ 

 

2.8 ĺŇīňĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢ 

œĕĴńĬěŅĔıŊĝĴňĽƞĺĬĮĶŃĔŀĭĕŀĚœĕĴńĬĮĶŃŏĳĪĨƞŅĚȮ ŕȮ ŀĵŌƞŀĵƞŅĚĞńĭĞƟŀĬĶĺĴĩŉĚŀĬŋıńĬīƢĕŀĚ

œĕĴńĬȮĪņŒľƟŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢŏıňĵĚĺŇīňŏħňĵĺěŉĚœĴƞŏıňĵĚıŀĪňŗěŃŐĵĔŐĸŃĶŃĭŋĽŅĶĮĶŃĔŀĭĪńŘĚľĴħĪňŗĴň

ŀĵŌƞŒĬœĕĴńĬȮĞŉŗĚĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢěŉĚŀŅěěņŏĮƦĬĪňŗĨƟŀĚŒĝƟĪńŘĚĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢĶĺĴŏĝŇĚėŋĦĳŅı-

ŏĝŇĚĮĶŇĴŅĦȮŐĸŃȮĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĕŀĚŏĞĶŅœĴħƢȮħńĚĬńŘĬŏıŊŗŀěŋħĮĶŃĽĚėƢĬňŘěŉĚŒĝƟŏĪėĬŇėŒĬĔŅĶ

ĺŇŏėĶŅŃľƢĪňŗŐĨĔĨƞŅĚĔńĬȮŏĝƞĬȮőėĶĴŅőĨĔĶŅĲƖŐĭĭįŇĺĭŅĚȮ&thin-layer chromatography) ľĶŊŀȮőėĶĴŅ

őĨĔĶŅĲƖĕŀĚŏľĸĺĽĴĶĶĩĬŃĽŌĚȮ&High-performance liquid chromatography) (Mumtaz et al., 

2020) 

0,7,/ȮĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢħƟĺĵőėĶĴŅőĨĔĶŅĲƖĕŀĚŏľĸĺĽĴĶĶĩĬŃĽŌĚȮ&High-performance 

liquid chromatography:HPLC) 

HPLC ŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵŒĬĔŅĶĶŃĭŋŐĸŃľŅĮĶŇĴŅĦĕŀĚœĕĴńĬěŅĔıŊĝœħƟŀĵƞŅĚŐĴƞĬĵņȮőħĵ

ŀŅĻńĵľĸńĔĔŅĶŐĵĔĽŅĶĮĶŃĔŀĭĪňŗĽĬŒěĪňŗįĽĴŀĵŌƞŒĬĨńĺŀĵƞŅĚȮĞŉŗĚěŃŏĔŇħĕŉŘĬȮĶŃľĺƞŅĚȮ0ȮŏĲĽȮėŊŀȮŏĲĽ

ŏėĸŊŗŀĬĪňŗȮ&mobile phase) ĔńĭȮŏĲĽŀĵŌƞĔńĭĪňŗȮ&stationary phase ľĶŊŀȮcolumn phase) ĞŉŗĚĽŅĶěŃ

ĩŌĔŐĵĔŀŀĔĴŅŒĬŏĺĸŅĪňŗĨƞŅĚĔńĬĕŉŘĬŀĵŌƞĔńĭėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĕƟŅĔńĬœħƟħňĕŀĚĽŅĶĬńŘĬĔńĭȮmobile 

phase ľĶŊŀȮstationary phase ĽŅĶĮĶŃĔŀĭĨńĺœľĬĪňŗĽŅĴŅĶĩŏĕƟŅĔńĬœħƟħňĔńĭȮmobile phase ěŃ
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ŏėĸŊŗŀĬĪňŗįƞŅĬȮcolumn œħƟŏĶŖĺĽŅĶĬńŘĬĔŖěŃĩŌĔŐĵĔŀŀĔĴŅĔƞŀĬȮĽƞĺĬĽŅĶĪňŗŏĕƟŅĔńĬœħƟœĴƞħňĔńĭȮmobile 

phase ŐĨƞŏĕƟŅĔńĬħňĔńĭȮstationary phase ěŃŏėĸŊŗŀĬĪňŗįƞŅĬȮcolumn œħƟĝƟŅěŃĩŌĔŐĵĔŀŀĔĴŅĪňľĸńĚȮ

őħĵĽŅĶĪňŗĩŌĔŐĵĔŀŀĔĴŅěŃįƞŅŏėĶŊŗŀĚĨĶĺěĺńħĽńĠĠŅĦȮ&detector) ŀŀĔĴŅŒĬĶŌĮŐĭĭĪňŗŏĶňĵĔĺƞŅȮőėĶĴŅ

őĨŐĔĶĴȮ&chromatogram) 

 ĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢŏĝŇĚĮĶŇĴŅĦĬŇĵĴŒĝƟĔŅĶĺŇŏėĶŅŃľƢħƟĺĵőėĶĴŅőĨĔĶŅĲƖĕŀĚŏľĸĺĽĴĶĶĩĬŃ

ĽŌĚȮ&HPLC) ĞŉŗĚŏėĶŊŗŀĚĨĶĺěĺńħĪňŗĴňėĺŅĴŐĴƞĬĵņĪňŗĽŋħŒĬĔŅĶĺŇŏėĶŅŃľƢĽƞĺĬįĽĴĕŀĚœĕĴńĬĪňŗĞńĭĞƟŀĬȮėŊŀȮ

tandem mass spectrometry ľĶŊŀȮMS/MS ŐĨƞŏĬŊŗŀĚěŅĔŏėĶŊŗŀĚȮtandem mass spectrometry 

ĴňėƞŅŒĝƟěƞŅĵĽŌĚȮHPLC-ELSD ěŉĚĩŌĔĬņĴŅŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵŒĬĔŅĶĺŇŏėĶŅŃľƢœĕĴńĬŐĸŃĵńĚŏĮƦĬ

ŏėĶŊŗŀĚĴŊŀĪňŗĽŃħĺĔĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢœĕĴńĬŏĝŇĚĮĶŇĴŅĦȮ&Wang, Wang, & Fehr, 0..4'ȮĞŉŗĚŏėĶŊŗŀĚ

ĨĶĺěĺńħŐĭĭȮEvaporative Light Scattering Detector (ELSD) ĽŅĴŅĶĩĨĶĺěĺńħĽŅĶĔĸŋƞĴœĕĴńĬœħƟ

ľĸŅĔľĸŅĵŐĸŃŏĮƦĬĪňŗĬŇĵĴĴŅĔŐĭĭľĬŉŗĚȮőħĵėŀĸńĴĬƢĽņľĶńĭĔŅĶŐĵĔŀĚėƢĮĶŃĔŀĭĨƞŅĚŕȮĬńŘĬĽŅĴŅĶĩ

ŒĝƟœħƟĪńŘĚŐĭĭȮnormal phase ŐĸŃȮreversed phase 

 Wang et al. (0..4'ȮŒĝƟȮHPLC-ELSD ŒĬĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&GlcCer) ŒĬĩńŗĺ

ŏľĸŊŀĚőħĵŒĝƟėŀĸńĴĬƢŏĮƦĬȮChromegasphere Si 4. column ŒĝƟŏĲĽŏėĸŊŗŀĬĪňŗȮ 0Ȯ ĝĬŇħŏĮƦĬȮ

methanol/methyl tert-butyl ether (53803, v/v) ŐĸŃȮhexane/tetrahydrofuran (778/, v/v) 

ŐĭĭȮgradient őħĵŏĲĽŏėĸŊŗŀĬĪňŗŐĭĭȮgradient ŐĽħĚŒĬĨŅĶŅĚĪňŗȮ0ȮŐĸŃĸńĔļĦŃĕŀĚőėĶĴŅőĨŐĔĶĴ

ŐĽħĚŀŀĔĴŅħńĚĳŅıĪňŗȮ/0 őħĵıňėĨƞŅĚŕȮ ėŊŀȮESG, esterified sterylglucoside; SG, 

sterylglucoside; GlcCer, glucosylceramide; MGDG, monogalactosyl diacylglycerol; 

DGDG, digalactosyl diacylglycerol 
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ĨŅĶŅĚĪňŗȮ0ȮĔŅĶĨńŘĚȮgradient ĕŀĚŏĲĽŏėĸŊŗŀĬĪňŗŒĬĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢ 

 

ĪňŗĴŅ8ȮWang et al. (0..4' 

 

 

ĳŅıĪňŗȮ/0ȮőėĶĴŅőĨŐĔĶĴěŅĔȮHPLC-ELSD ĕŀĚĽŅĶĽĔńħěŅĔŏĴĸŖħĩńŗĺŏľĸŊŀĚĪňŗįƞŅĬĔŅĶĪņĭĶŇĽŋĪīŇśȮħƟĺĵ
ėŀĸńĴĬƢĞŇĸŇĔŅ  
ĪňŗĴŅ8ȮWang et al. (0..4' 

 

 



  22 

 2.9.2 ĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢħƟĺĵőėĶĴŅőĨĔĶŅĲƖŐĭĭįŇĺĭŅĚ (thin layer chromatography)  

 ŏĪėĬŇėőėĶĴŅőĨĔĶŅĲƖŐĭĭįŇĺĭŅĚŏĮƦĬŏĪėĬŇėőėĶĴŅőĨĔĶŅĲƖĪňŗĴňĔŅĶŒĝƟĔńĬĴŅŀĵƞŅĚĵŅĺĬŅĬŒĬ

ľƟŀĚĮĢŇĭńĨŇĔŅĶŏėĴňȮEchten-Deckert (0...'ȮœħƟŀīŇĭŅĵĶŅĵĸŃŏŀňĵħĔŅĶĨĶĺěĽŀĭĽĲƕĚőĔĸŇıŇħĞŉŗĚ

ĶĺĴĩŉĚŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC őħĵŒĝƟŐįƞĬȮTLC ĝĬŇħȮsilica gel 60 ĪňŗįƞŅĬĔŅĶĪņŐľƟĚőħĵĺŅĚŒĬ

őĩħŌħėĺŅĴĝŊŘĬĳŅĵŒĨƟĽŋĠĠŅĔŅĻĕƟŅĴėŊĬĔƞŀĬŒĝƟȮěŅĔĬńŘĬĨńĺŀĵƞŅĚĮĶŃĴŅĦœĴƞŏĔŇĬȮ50 µL ěŃĩŌĔĮĸƞŀĵ

ĭĬŐįƞĬȮTLC ŏĮƦĬŐĩĭĔĺƟŅĚȮ0.5-1 cm  ħƟĺĵľĸŀħėŅĮƕĸĸŅĶňŗȮĽņľĶńĭĨńĺĪņĸŃĸŅĵĪňŗŒĝƟŒĬĔŅĶŐĵĔĽŅĶ

ėŊŀėĸŀőĶĲŀĶƢĴ-ŏĴĪŅĬŀĸ-ĬŘņȮ&ľĶŊŀĽŅĶĸŃĸŅĵŏĔĸŊŀ'ȮőħĵŒĬĔŅĶĺŇŏėĶŅŃľƢȮTLC ěŃĨƟŀĚėĺĭėŋĴĕĬŅħ

ĕŀĚőĩĭĶĶěŋĨńĺĪņĸŃĸŅĵȮŀŋĦľĳŌĴŇȮŐĸŃĮƕħőĩŒľƟĽĬŇĪŐĸŃĮƚŀĚĔńĬĔŅĶĽńŗĬĽŃŏĪŊŀĬĶŃľĺƞŅĚĔŅĶĺŇŏėĶŅŃľƢ

ŏĬŊŗŀĚěŅĔěŃĽƞĚįĸĨƞŀĔŅĶŐĵĔĕŀĚĽŅĶȮ ĨńĺĪņĸŃĸŅĵĪňŗŏĨĶňĵĴŒľĴƞěŃĩŌĔŏĨŇĴĸĚŒĬőĩŒľƟœħƟėĺŅĴĽŌĚ

ĮĶŃĴŅĦȮ0.5-1 cm őħĵĔƞŀĬĔŅĶĺŅĚŐįƞĬȮTLC ěŃĮĸƞŀĵŒľƟĨńĺĪņĸŃĸŅĵŏĔŇħĔŅĶĽĴħŋĸŒĬőĩĮĶŃĴŅĦȮ

60 ĬŅĪňȮĶĺĴĩŉĚĔŅĶŒĽƞĔĶŃħŅļĔĶŀĚĶŀĭőĩŏıŊŗŀĝƞĺĵŒľƟŏĔŇħĽĴħŋĸĕŀĚœŀĨńĺĪņĸŃĸŅĵȮľĸńĚěŅĔĔŅĶŐĵĔ

ĽŅĶœĕĴńĬĨƞŅĚŕȮ ŐĸƟĺěŉĚĪņĔŅĶĵƟŀĴĽňȮ &staining) œĕĴńĬĞŉŗĚŀŅěĪņœħƟőħĵŒĝƟȮcupric sulfate ŒĬ

ĽŅĶĸŃĸŅĵĔĶħĲŀĽĲŀĶŇĔȮıƞĬŐĸŃĬņœĮŀĭŐľƟĚĪňŗȮ150-180°C ŏĮƦĬŏĺĸŅȮ15 ĬŅĪňȮĨńĺŀĵƞŅĚĔŅĶŐĵĔ

œĕĴńĬĭĬŐįƞĬȮTLC ŐĽħĚħńĚĳŅıĪňŗȮ/1 ŏĮƦĬĔŅĶŐĵĔőħĵŒĝƟĨńĺĪņĸŃĸŅĵŏĮƦĬȮėĸŀőĶĲŀĶƢĴ-ŏĴĪŅĬŀĸ-

0.22% CaCl2 (60:35:8 v/v/v) ŐĸŃĵƟŀĴħƟĺĵȮcupric sulfate ŒĬĽŅĶĸŃĸŅĵĔĶħĲŀĽĲŀĶŇĔ 
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ĳŅıĪňŗȮ13 ŐįƞĬȮTLC ŐĽħĚĔŅĶŐĵĔŏĞĶŅœĴħƢȮ&GlcCer), ĔĶħœĕĴńĬőŀŏĸŀŇĔĴȮőėŏĸĽŏĨŀĶŀĸȮ&Chol) 
ŐĸŃĽŅĶœĕĴńĬŀŊŗĬŕ 
ĪňŗĴŅ: Yunoki and Ohnishi (2011) 

 

ŒĬĔŅĶĽĔńħŏĞĶŅœĴħƢěŅĔĸŌĔıňĝĕŀĚȮOkayasu, Kobayashi, Kuroda, Yamakawa, and Niu 

(0./4'ȮŒĝƟĽĳŅĺŃŒĬĔŅĶĺŇŏėĶŅŃľƢȮTLC őħĵĽńĚŏĕĮħńĚĬňŘȮĸŃĸŅĵĨńĺŀĵƞŅĚĽŅĶĽĔńħħƟĺĵėĸŀőĶĲŀĶƢĴ-ŏĴ

ĪŅĬŀĸȮ&2:1 v/v) ŒľƟœħƟėĺŅĴŏĕƟĴĕƟĬȮ20 mg/mL ľĶŊŀĸŃĸŅĵĽŅĶĴŅĨĶģŅĬŒľƟœħƟȮ2 mg/mL ŐįƞĬȮ

TLC ĝĬŇħȮSilica Gel GF 250 µm 10 x 20 cm ŐĸŃŒĝƟĨńĺŀĵƞŅĚȮ1 µL ĽņľĶńĭĨńĺĪņĸŃĸŅĵŏĮƦĬ

ėĸŀőĶĲŀĶƢĴ-ŏĴĪŅĬŀĸ-ĔĶħŀŃĞňĨŇĔ-ĬŘņȮ&20:3.5:2.3:0.7 v/v/v/v) ľĸńĚěŅĔŐĵĔĽŅĶŐĸƟĺěŉĚĬņŐįƞĬȮ

TLC ŀŀĔĴŅĺŅĚěĬŐľƟĚŒĝƟĔĶħĞńĸĲŌĶŇĔȮ50% ıƞĬȮŐĸŃĬņœĮŒľƟėĺŅĴĶƟŀĬȮ150°C ŏĮƦĬŏĺĸŅȮ6 ĬŅĪňȮ

ŐĸŃĺŇŏėĶŅŃľƢŏĝŇĚĮĶŇĴŅĦħƟĺĵŏėĶŊŗŀĚȮDensitometer őħĵŏĪňĵĭĔńĭĽŅĶĴŅĨĶģŅĬĪňŗŒĝƟ 
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0,7,1ȮĔŅĶĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢȮTLC ŏĝŇĚĮĶŇĴŅĦħƟĺĵĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 

ŐĴƟĺƞŅőħĵĪńŗĺœĮȮTLC ŏĮƦĬŏĪėĬŇėőėĶĴŅőĨĔĶŅĲƖĪňŗŒĝƟŏıŊŗŀĺŇŏėĶŅŃľƢŏĝŇĚėŋĦĳŅıĺƞŅĴňĽŅĶĪňŗĽĬŒě
ŀĵŌƞľĶŊŀœĴƞȮľĶŊŀŒĝƟŒĬĔŅĶŏĨĶňĵĴĽŅĶĭĶŇĽŋĪīŇśĪňŗœħƟľĸńĚěŅĔĔŅĶŐĵĔȮŐĨƞĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĮĶŇĴŅĦĽŅĴŅĶĩ
ĪņœħƟħƟĺĵĔŅĶŒĝƟŏėĶŊŗŀĚȮDensitometer ĞŉŗĚĽŅĴŅĶĩĺńħĮĶŇĴŅĦĕŀĚĽŅĶĪňŗŐĵĔŀŀĔŏĮƦĬŐĩĭĨƞŅĚŕȮ œħƟ
ħƟĺĵĔŅĶĺńħėƞŅĔŅĶħŌħĔĸŊĬŐĽĚĪňŗėĺŅĴĵŅĺėĸŊŗĬĪňŗĨƟŀĚĔŅĶ ĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵȮ &image analysis) 
ĩŌĔĬņĴŅŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢȮTLC ŏĝŇĚĮĶŇĴŅĦŒĬĔĶĦňĪňŗœĴƞĴňŏėĶŊŗŀĚȮDensitometer őħĵĔŅĶĵƟŀĴĽňĽŅĶĪňŗ
ŐĵĔĭĬŐįƞĬȮTLC ŐĸƟĺŒĝƟĔŅĶĩƞŅĵĳŅıŐĸŃĺńħėĺŅĴŏĕƟĴĕŀĚŐĩĭĽňħƟĺĵĞŀĲĪƢŐĺĶƢ 

Skowron, Zakrzewski, and Ciesielski (0./4'ȮœħƟĻŉĔļŅĔŅĶĺŇŏėĶŅŃľƢȮsphingomyelin 
ĞŉŗĚŏĮƦĬĽŅĶŒĬĔĸŋƞĴĕŀĚĲŀĽĲŀĸŇıŇħħƟĺĵĔŅĶŒĝƟȮTLC ėĺĭėŌƞĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵľĸńĚěŅĔĪņ
ĮĢŇĔŇĶŇĵŅŒľƟŏĔŇħĽňħƟĺĵȮmolybdenum blue őħĵĬņŐįƞĬȮTLC ĴŅĽŐĔĬħƟĺĵŏėĶŊŗŀĚĽŐĔĬŐĭĭ
ĽņĬńĔĚŅĬĪńŗĺœĮŐĸŃĺŇŏėĶŅŃľƢĳŅıħƟĺĵħƟĺĵĞŀĲĪƢŐĺĶƢŏĜıŅŃĪŅĚȮTLSee ŏıŊŗŀŏĮĸňŗĵĬŒľƟŏĮƦĬőėĶĴŅőĨ
ŐĔĶĴȮ&ĳŅıĪňŗȮ/2 ) ĞŉŗĚıĭĺƞŅĽŅĴŅĶĩŒĝƟıŊŘĬĪňŗŒĨƟıňėȮ&peak area) ŒĬĔŅĶĽĶƟŅĚĔĶŅĲĴŅĨĶģŅĬĪňŗĴňėƞŅȮR2 
= 0.9994 ŐĸŃĴňėƞŅȮlimit of detection ŐĸŃȮlimit of quantification ŏĮƦĬȮ0.5 ŐĸŃȮ1.7 µg/spot 
ĨŅĴĸņħńĭ 
 

 
ĳŅıĪňŗȮ14 ĨńĺŀĵƞŅĚőėĶĴŅőĨŐĔĶĴěŅĔĔŅĶĺŇŏėĶŅŃľƢȮsphingomyelin ėĺŅĴŏĕƟĴĕƟĬȮ1-2.5, 2-5.0, 3-
10, 4-15, 5-20 µg/spot 
ĪňŗĴŅ: Skowron et al. (0./4' 
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ĭĪĪňŗȮ1 

ŀŋĮĔĶĦƢŐĸŃĺŇīňĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

1,/ȮĺńĽħŋȮŀŋĮĔĶĦƢȮŐĸŃȮĽŅĶŏėĴň 

3.1.1. ŏľŖħĽħ 4 ĝĬŇħ ĞŊŘŀěŅĔĲŅĶƢĴŏľŖħȮŀ,őıīŅĶŅĴȮě,ĶŅĝĭŋĶň 

- ŏľŖħľŌľĬŌȮ(Auricularia auricula-judae) 

- ŏľŖħĲŅĚȮ&Volvariella volvacea' 

- ŏĲƦħĬŅĚĲƚŅȮ&Pleurotus pulmonarius' 

- ŏľŖħĬŅĚĶĴȮ&Pleurotus ostreatus' 

3.1.2. ĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&77#, Glucosylceramide from Rice, Nagara 

Science, Gifu, Japan) 

3.1.3. ŏėĶŊŗŀĚĶŃŏľĵĽŅĶŐĭĭľĴŋĬĳŅĵŒĨƟĽŋĠĠŅĔŅĻȮ&RV/., IKA, Staufen, Germany) 

3.1.4. ŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔĪĻĬŇĵĴȮ0ȮĨņŐľĬƞĚȮ&TP-1..0, Denver Instrument, Göttingen, 

Germany) 

3.1.5. ŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔĪĻĬŇĵĴȮ2ȮĨņŐľĬƞĚȮ&ED 002S, Sartorius, Göttingen, Germany) 

3.1.6. ŏėĶŊŗŀĚĝńŗĚĬŘņľĬńĔĪĻĬŇĵĴȮ3ȮĨņŐľĬƞĚȮ(AP125WD, Shimadzu, Kyoto, Japan) 

3.1.7. ŏėĶŊŗŀĚĭħĨńĺŀĵƞŅĚŐľƟĚȮ&hammer mill) (PX-MFC 7.D, Polymix ®, Kinematica, 

Luzern, Switzerland) 

3.1.8. ĨŌƟŀĭĸĴĶƟŀĬȮ&FD 115, Binder, Tuttlingen, Germany) 

3.1.9. ŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĩŅħ 

3.1.10. ĝŋħŏėĶŊŗŀĚĴŊŀĽņľĶńĭĽĔńħŏĞĶŅœĴħƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮĞŉŗĚĮĶŃĔŀĭħƟĺĵ 

- ŀƞŅĚĽŏĨĬŏĸĽȮ 

- ĕħĸĺħŒľƟėĺŅĴĶƟŀĬĕĬŅħȮ1,600ȮĺńĨĨƢ 

- ŏėĶŊŗŀĚėĺĭėŋĴŀŋĦľĳŌĴŇȮ&Nanasiam Intertrade, Bangkok, Thailand) 

- ŏĪŀĶƢőĴėńĮŏĮƕĸȮĝĬŇħȮK 

- ŏėĶŊŗŀĚĔĺĬĽŅĶŐĭĭŒĭĔĺĬȮ&RW 20 digital, IKA, Staufen, Germany) 

- ŒĭıńħĔĺĬĽŅĶȮ&PTFE coated, Ø 8.5 cm of blade, M2 Scientifics, Holland, 

MI, USA) 

- ĕĺħĔƟĬĔĸĴȮ3ȮėŀȮ&5 L, Duran, Mainz, Germany) 
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- ĶňĲĸńĔĞƢėŀĬŏħĬŏĞŀĶƢŐĭĭŐĔƟĺœĽƟĨĶĚĕĬŅħĵŅĺȮ30ȮŏĞĬĨŇŏĴĨĶ 

- ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭħŇěŇĪńĸȮ&52 II, Fluke, Everett, WA, USA) 

3.1.11. ĝŋħĔĶŀĚĽŋĠĠŅĔŅĻĮĶŃĔŀĭħƟĺĵ 

- ĕĺħĶŌĮŐŀĮŏĮƕƨĸȮ&/*...ȮmL, Pyrex, Tewksbury, MA, USA) 

- ĔĶĺĵĔĶŀĚ 

- ĮƤƩĴŐĶĚħńĬĽŋĠĠŅĔŅĻȮ 

- ĔĶŃħŅļĔĶŀĚȮ(No.5, pore size ~2 µm, Whatman, Kent, UK) 

3.1.12. ŏėĶŊŗŀĚőŁőĴěňœĬŏĞŀĶƢ (T 25D, IKA, Germany) 

3.1.13. ultrasonic bath (275DAE, CREST, Malaysia) 

3.1.14. ŏėĶŊŗŀĚĔĺĬŐĴƞŏľĸŖĔȮ&magnetic stirrer'Ȯ&Model 6 CH, Progress Technical, 

Pathum Thani, Thailand' 

3.1.15. ŏėĶŊŗŀĚȮHigh performance liquid chromatography (HPLC) ĮĶŃĔŀĭħƟĺĵ 

- Solvent delivery module (LC-20AD, Shimadzu, Kyoto, Japan) 

- System controller (CBM-20A, Shimadzu, Kyoto, Japan) 

- ėŀĸńĴĬƢĝĬŇħȮNormal phase (4.6 × 250 mm, Ø 5 µm, Inertsil SIL-100A, 

GL sciences, Tokyo, Japan) 

- ELSD Detector (ELSD-LTII, Shimadzu, Kyoto, Japan) 

3.1.16. ŏĴĪŅĬŀĸȮ&Merck, Darmstadt, Germany) 

3.1.17. ėĸŀőĶĲŀĶƢĴȮ&77,6#, RCI Labscan, Bangkok, Thailand) 

3.1.18. ėŀĮŏĮŀĶƢĞńĸŏĲĨȮ(Ajax Finechem, Auckland, New Zealand) 

3.1.19. ĔĶħĲŀĽĲŀĸŇĔ (85%, RCI Labscan, Bangkok, Thailand) 

3.1.20. ŏŁĔŏĞĬ &RCI Labscan, Bangkok, Thailand) 

3.1.21. ŀŃĞŇőĨĬȮ&RCI Labscan, Bangkok, Thailand) 

3.1.22. 95% ŏŀĪŅĬŀĸȮ(Liquor distillery organization, Chachoengsao, Thailand) 

3.1.23. Microsyringe ĽņľĶńĭȮGC ĕĬŅħȮ(10 µl, Hamilton, Reno, NV, USA) 

3.1.24. Microsyringe ĽņľĶńĭȮHPLC (100 µL, Hamilton, Reno, NV, USA) 

3.1.25. TLC chamber 
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3.1.26. ŐįƞĬĞŇĸŇĔŅŏěĸĽņľĶńĭȮTLC (silica gel 4., glass support, 0. x 0. cm F032, 03. 

µm) 

3.1.27. ĞŇĸŇĔŅŏěĸȮ4.Ȯ&.,.41-.,0..Ȯmm, Sigma-Aldrich, Canada' 

 

3.2 ĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŏľŖħĔŇĬœħƟĝĬŇħĨƞŅĚȮŕ 

 ěńħĞŊŘŀŏľŖħĽħĪńŘĚȮ2ȮĝĬŇħȮ&ĴňŀŅĵŋŀĵŌƞŒĬĝƞĺĚȮ1-2ȮĺńĬȮŏĶŇŗĴĬńĭěŅĔĺńĬĪňŗĔƟŀĬŏľŖħĨŇħħŀĔŏĮƦĬĺńĬĪňŗȮ

/'ȮĪńŘĚľĴħȮ1ȮĶŀĭȮ(3ȮĞŘņ'ȮĶŀĭĸŃȮ0ȮĔŇőĸĔĶńĴȮŏĨĶňĵĴĨńĺŀĵƞŅĚŏıŊŗŀĬņœĮŒĝƟĽĔńħȮőħĵĬņŏľŖħĽħĴŅĸƟŅĚĪņ

ėĺŅĴĽŃŀŅħŐĸŃĨńħŒľƟŏĮƦĬĝŇŘĬŏĸŖĔȮŕȮěŅĔĬńŘĬĬņœĮŀĭŐľƟĚŏıŊŗŀĸħėĺŅĴĝŊŘĬħƟĺĵĨŌƟŀĭĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ

4.Ȯ ŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ 02Ȯ ĝńŗĺőĴĚȮ&ĺŇīňľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĽħĚŒĬĳŅėįĬĺĔȮ Ĕ'ȮŐĸƟĺĬņĴŅ

ĭħĸŃŏŀňĵħħƟĺĵŏėĶŊŗŀĚĭħĨńĺŀĵƞŅĚŐľƟĚȮ&hammer mill'ȮőħĵŒĝƟĨŃŐĔĶĚĕĬŅħȮ/ȮĴŇĸĸŇŏĴĨĶ ŐĸŃ

ěńħŏĔŖĭŏľŖħįĚŒĬĩŋĚŀŃĸŌĴŇŏĬňĵĴĲŀĵĸƢĮƕħĽĬŇĪŒĽƞœĺƟŒĬĨŌƟħŌħėĺŅĴĝŊŘĬěĬĔĺƞŅĬņĴŅŒĝƟĚŅĬ 

 ĽĔńħĨńĺŀĵƞŅĚŏľŖħįĚőħĵŒĝƟŀńĨĶŅĽƞĺĬŒĬĔŅĶĽĔńħėŊŀȮ/ȮĽƞĺĬĨńĺŀĵƞŅĚȮĨƞŀȮ73% ŏŀĪŅĬŀĸȮ/.Ȯ

ĽƞĺĬȮőħĵĝńŗĚŏľŖħįĚȮ03Ȯg ŒĽƞĸĚœĮŒĬĕĺħĮĶŇĴŅĨĶĔƟĬĔĸĴȮ1ȮėŀȮŐĸƟĺŏĨŇĴŏŀĪŅĬŀĸȮ73#ȮĸĚœĮȮ03.Ȯ

ĴŇĸĸŇĸŇĨĶȮĽĔńħőħĵŒĝƟĝŋħŏėĶŊŗŀĚĴŊŀĽņľĶńĭĽĔńħŏĞĶŅœĴħƢŐĭĭĶňĲĸńĔĞƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĨŅĴĳŅıĪňŗȮ /3Ȯ

ĽĔńħĪňŗȮ2.ȮŀĚĻŅŏĞĸŏĞňĵĽȮĔĺĬĨńĺŀĵƞŅĚĪňŗȮ/..ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ02.ȮĬŅĪňȮħńħŐĮĸĚĴŅěŅĔȮ

Kuwata et al. (0./5'ȮŐĸŃ Khuwijitjaru and Klinchongkon (2021)ȮŏĴŊŗŀėĶĭŏĺĸŅĬņĴŅĔĶŀĚ

ŐĵĔĽŅĶĽĔńħĔńĭĨńĺŀĵƞŅĚŏľŖħįĚħƟĺĵĝŋħĔĶŀĚĽŋĠĠŅĔŅĻőħĵŒĝƟĔĶŃħŅļĔĶŀĚŏĭŀĶƢȮ3ȮĪņŒľƟœħƟĽŅĶĽĔńħ

ŒĽĽňŏľĸŊŀĚȮěŅĔĬńŘĬĬņĽŅĶĽĔńħĪňŗœħƟĴŅĶŃŏľĵŐľƟĚħƟĺĵŏėĶŊŗŀĚĶŃŏľĵĽŅĶŐĭĭľĴŋĬĳŅĵŒĨƟĽŋĠĠŅĔŅĻĪňŗ

ŀŋĦľĳŌĴŇȮ3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮėĺŅĴħńĬĽŋĠĠŅĔŅĻȮ-50.ȮĴŇĸĸŇŏĴĨĶĮĶŀĪȮŏĮƦĬŏĺĸŅĮĶŃĴŅĦȮ/ȮĝńŗĺőĴĚȮ

ŐĸŃŏıŊŗŀĔņěńħĨńĺĪņĸŃĸŅĵĪňŗĵńĚŀŅěľĸĚŏľĸŊŀŀĵŌƞěŉĚĬņĽŅĶĽĔńħľĵŅĭĴŅŀĭŐľƟĚħƟĺĵŏėĶŊŗŀĚŀĭĸĴĶƟŀĬĪňŗ

ŀŋĦľĳŌĴŇȮ3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ1ȮĝńŗĺőĴĚȮŐĸƟĺĝńŗĚĬŘņľĬńĔĽŅĶĽĔńħľĵŅĭĪňŗœħƟŏıŊŗŀėņĬĺĦľŅ

ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭȮ(yield) őħĵŏĪňĵĭĔńĭĬŘņľĬńĔŐľƟĚĕŀĚŏľŖħȮ&dry basis'ȮħńĚŐĽħĚŒĬ

ĽĴĔŅĶĪňŗȮ1 ěŅĔĬńŘĬĬņĽŅĶĽĔńħľĵŅĭœĮĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC   

ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭȮ&e-/..ȮeȮksqfpmmkȮb,`,' ;
ĬŘņľĬńĔĽŅĶĽĔńħľĵŅĭľĸńĚĪņŐľƟĚȮ&e'Ȯ

ĬŘņľĬńĔŐľƟĚĕŀĚŏľŖħȮ&e'Ȯ
×/..ȮȮȮȮȮȮȮȮȮ&/' 
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ĳŅıĪňŗȮ15 ŀŋĮĔĶĦƢĽņľĶńĭĔŅĶĽĔńħŏĞĶŅœĴħƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶ 
(1) ŏėĶŊŗŀĚėĺĭėŋĴŀŋĦľĳŌĴŇ*Ȯ(2) ŏĪŀĶƢőĴĴŇŏĨŀĶƢŐĭĭħŇěŇĪńĸ*Ȯ(3) ŀƞŅĚĽŏĨĬŏĸĽ*Ȯ(4) ĕħĸĺħŒľƟėĺŅĴĶƟŀĬ

ĕĬŅħȮ1,600ȮĺńĨĨƢȮ&ŀĵŌƞŒĬŀƞŅĚĽŏĨĬŏĸĽ'*Ȯ(5) ĕĺħĔƟĬĔĸĴȮ3Ȯėŀ ĕĬŅħȮ3ȮĸŇĨĶ*Ȯ(6) ŏĪŀĶƢőĴėńĮŏĮƕĸȮ

ĝĬŇħȮK*Ȯ(7) ĶňĲĸńĔĞƢėŀĬŏħĬŏĞŀĶƢŐĭĭŐĔƟĺœĽƟĨĶĚĕĬŅħĵŅĺȮ30ȮŏĞĬĨŇŏĴĨĶ*Ȯ(8) ŏėĶŊŗŀĚĔĺĬĽŅĶŐĭĭŒĭ

ĔĺĬ*Ȯ(9) ŒĭıńħĔĺĬĽŅĶ 

 

1,1ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŏľŖħĬŅĚĶĴĪňŗĴňŀŅĵŋŐĨĔĨƞŅĚĔńĬ 

ěńħĞŊŘŀŏľŖħĬŅĚĶĴĽħĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋȮœħƟŐĔƞȮŀŅĵŋȮ/-0ȮĺńĬ*ȮŀŅĵŋȮ1-2ȮĺńĬȮŐĸŃȮŀŅĵŋȮ3-4ȮĺńĬȮ&ĳŅı

ĝƞĺĚŀŅĵŋĸŃȮ1ȮĶŀĭȮ&3 ĞŘņ'ȮĶŀĭĸŃȮ1ȮĔŇőĸĔĶńĴȮŒĬĨŅĶŅĚĪňŗȮ5'ȮĽŅŏľĨŋĪňŗŏĸŊŀĔĽŅĴĝƞĺĚŀŅĵŋĬňŘŏıĶŅŃĺƞŅ

ŒĬĝƞĺĚŀŅĵŋȮ1-2ȮĺńĬěŃŏĮƦĬĝƞĺĚĪňŗĪŅĬĔńĬĪńŗĺœĮȮěŉĚŏĸŊŀĔĝƞĺĚĔƞŀĬėŊŀŀŅĵŋĪňŗȮ/-0Ȯ&ıŉŗĚŏěĶŇĠŏĨŇĭőĨ'ȮŐĸŃȮ

ĝƞĺĚľĸńĚėŊŀŀŅĵŋȮ3-4Ȯ&ŐĔƞŏĔŇĬĪňŗěŃĪŅĬ'ȮŏĨĶňĵĴĨńĺŀĵƞŅĚŏıŊŗŀĬņœĮŒĝƟĽĔńħȮŏĝƞĬŏħňĵĺĔńĭľńĺĕƟŀȮ1,0Ȯőħĵ

ĬņŏľŖħĽħĴŅĸƟŅĚĪņėĺŅĴĽŃŀŅħŐĸŃĨńħŒľƟŏĮƦĬĝŇŘĬŏĸŖĔŕȮěŅĔĬńŘĬĬņœĮŀĭŐľƟĚŏıŊŗŀĸħėĺŅĴĝŊŘĬħƟĺĵĨŌƟŀĭ

ĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ60ȮŀĚĻŅŏĞĸŏĞňĵĽŏĮƦĬŏĺĸŅȮ24ȮĝńŗĺőĴĚȮŐĸƟĺĬņĴŅĭħĸŃŏŀňĵħħƟĺĵŏėĶŊŗŀĚĭħĨńĺŀĵƞŅĚ

ŐľƟĚőħĵŒĝƟĨŃŐĔĶĚĕĬŅħȮ1ȮĴŇĸĸŇŏĴĨĶȮěŅĔĬńŘĬĬņœĮĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŋƞĴĽŅĶŐĸŃěńħŏĔŖĭŏľŖħįĚŒĬĩŋĚ

ŀŃĸŌĴŇŏĬňĵĴĲŀĵĸƢĮƕħĽĬŇĪŒĽƞœĺƟŒĬĨŌƟħŌħėĺŅĴĝŊŘĬěĬĔĺƞŅĬņĴŅŒĝƟĚŅĬȮ 

1 

2 3 

4 

5 

6 
7 

8 

9 
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1,2ȮĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴőħĵĔŅĶħŌħ

Ğńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ 

 ŏĨĶňĵĴĨńĺŀĵƞŅĚĽŅĶĸŃĸŅĵĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴőħĵŒĝƟŀńĨĶŅĽƞĺĬĕŀĚĽŅĶĽĔńħľĵŅĭ 

1ȮĽƞĺĬȮĨƞŀĞŇĸŇĔŅŏěĸȮ/.ȮĽƞĺĬȮőħĵĝńŗĚĽŅĶĽĔńħľĵŅĭȮ.,/ȮĔĶńĴȮĸĚŒĬĕĺħŐĔƟĺŐĭĭİŅŏĔĸňĵĺȮĕĬŅħȮ/. 

ĴŇĸĸŇĸŇĨĶȮŐĸƟĺŏĨŇĴĞŇĸŇĔŅŏěĸȮ/ȮĔĶńĴȮŐĸŃŏĨŇĴĨńĺĪņĸŃĸŅĵįĽĴĶŃľĺƞŅĚŏŁĔŏĞĬŐĸŃŀŃĞŇőĨĬȮĸĚœĮȮ3Ȯ

ĴŇĸĸŇĸŇĨĶȮőħĵŀńĨĶŅĽƞĺĬĕŀĚŏŁĔŏĞĬŐĸŃŀŃĞŇőĨĬȮ(v/v) ŏĮƦĬȮ10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 

2:8, 1:9 ŐĸŃ 0:10 ŒĽƞŐĪƞĚŐĴƞŏľĸŖĔĔĺĬĽŅĶĸĚŒĬĕĺħȮěŅĔĬńŘĬĔĺĬħƟĺĵŏėĶŊŗŀĚĔĺĬŐĴƞŏľĸŖĔȮŏĮƦĬŏĺĸŅȮ

/.ȮĬŅĪňȮĪňŗėĺŅĴŏĶŖĺȮ6..ȮĶŀĭĨƞŀĬŅĪňȮ&ĔĺĬĕĦŃĮƕħİŅĕĺħ'ȮȮŏĴŊŗŀėĶĭŏĺĸŅĨńŘĚĪŇŘĚœĺƟĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬ

ŏĺĸŅȮ3ȮĬŅĪňȮŏıŊŗŀŒľƟĞŇĸŇĔŅŏěĸĨĔĸĚĪňŗħƟŅĬĸƞŅĚĕŀĚĕĺħȮěŅĔĬńŘĬħŌħĽŅĶĸŃĸŅĵħƟŅĬĭĬŀŀĔȮĨƞŀĴŅŒľƟŏĨŇĴ

ĨńĺĪņĸŃĸŅĵįĽĴŏħŇĴĸĚœĮȮ3ȮĴŇĸĸŇĸŇĨĶȮŐĸƟĺĔĺĬŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮŏľĴŊŀĬŏħŇĴȮőħĵŒĬĕńŘĬĨŀĬĬňŘĪņĞŘņ

ĪńŘĚľĴħȮ1ȮĶŀĭȮŐĸŃŒĬĶŀĭĪňŗȮ2ȮŒľƟŏĨŇĴĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸĸĚœĮȮ/.ȮĴŇĸĸŇĸŇĨĶȮŏıŊŗŀĝŃĽŅĶĪňŗĩŌĔħŌħĞńĭ

œĺƟŒĬĞŇĸŇĔŅŏěĸȮȮĔĺĬŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮĪňŗėĺŅĴŏĶŖĺȮ6..ȮĶŀĭĨƞŀĬŅĪňȮěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵĪňŗĴň

ĮĶŇĴŅĨĶĶĺĴŒĬŐĨƞĸŃĕńŘĬĨŀĬŏĪƞŅĔńĭȮ3ȮĴŇĸĸŇĸŇĨĶȮȮœĮĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮ

TLC őħĵŒĬŐĨƞĸŃŀńĨĶŅĽƞĺĬĪņĞŘņĪńŘĚľĴħȮ1ȮĞŘņ 

 

1,3ȮĔŅĶĻŉĔļŅĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĽńħĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅ

œĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴħƟĺĵĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ 

ŏĨĶňĵĴĨńĺŀĵƞŅĚĽŅĶĸŃĸŅĵĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħőħĵĝńŗĚĽŅĶĽĔńħľĵŅĭȮ.,3ȮĔĶńĴȮĸĚŒĬĕĺħ

ĕĬŅħȮ /.Ȯ ĴŇĸĸŇĸŇĨĶȮ ŐĸƟĺŏĨŇĴĽŅĶĸŃĸŅĵŏŁĔŏĞĬȮ 3Ȯ ĴŇĸĸŇĸŇĨĶȮ ĬņœĮįĽĴŒľƟŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚȮ

ultrasonic bathȮŏĮƦĬŏĺĸŅȮ3ȮĬŅĪňȮŐĵĔĽƞĺĬĪňŗĽŅĴŅĶĩĸŃĸŅĵŒĬĽŅĶĸŃĸŅĵŏŁĔŏĞĬȮ&/'ȮŐĸŃĽƞĺĬĪňŗœĴƞ

ĽŅĴŅĶĩĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&2'ȮŀŀĔěŅĔĔńĬȮőħĵĬņĽƞĺĬȮ&/' ĴŅĔĺĬőħĵŏĨŇĴĞŇĸŇĔŅŏěĸĮĶŇĴŅĦĨƞŅĚȮŕȮĔńĬȮ

œħƟŐĔƞȮ.,03, 0.5, 1.0 ŐĸŃȮ/,3ȮĔĶńĴȮĔĺĬħƟĺĵŏėĶŊŗŀĚĔĺĬŐĴƞŏľĸŖĔȮŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪňȮĪňŗėĺŅĴŏĶŖĺȮ6..Ȯ

ĶŀĭĨƞŀĬŅĪňȮ&ĔĺĬĕĦŃĮƕħİŅĕĺħ'ȮŏĴŊŗŀėĶĭŏĺĸŅĨńŘĚĪŇŘĚœĺƟĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪňȮŏıŊŗŀŒľƟĞŇĸŇ

ĔŅŏěĸĨĔĸĚĪňŗħƟŅĬĸƞŅĚĕŀĚĕĺħȮ ěŅĔĬńŘĬħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬŀŀĔȮŐĸŃĬņĽƞĺĬĞŇĸŇĔŅŏěĸœĮĽĔńħ

ħƟĺĵŏėĶŊŗŀĚȮSoxhlet őħĵŒĝƟĽŅĶĸŃĸŅĵŏŀĪŇĸŀŃĞŇŏĨĪȮŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮěŃœħƟĽŅĶĽĔńħŀŀĔĴŅȮŒĬ

ĽƞĺĬĕŀĚȮ&2' ĬņœĮĸŃĸŅĵħƟĺĵŏĴĪŅĬŀĸŐĸŃįĽĴŒľƟŏĕƟŅĔńĬħƟĺĵŏėĶŊŗŀĚȮultrasonic bathȮěŅĔĬńŘĬĬņ

ĽŅĶĸŃĸŅĵĪňŗœħƟœĮĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC  ŐĸŃľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏĪėĬŇėȮHPLC-ELSD 

őħĵŒĬŐĨƞĸŃŀńĨĶŅĽƞĺĬĪņĞŘņĪńŘĚľĴħȮ1ȮĞŘņ 
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3.6 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚŏėĴň 

 3.5.1 ĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŋƞĴĽŅĶȮ&Proximate analysis'ȮħńħŐĮĸĚěŅĔȮAOAC 

&ĶŅĵĸŃŏŀňĵħŐĽħĚŒĬĳŅėįĬĺĔȮĔ' 

 1,3,0ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėőėĶĴŅőĨĔĶŅĲƖŐĭĭĝńŘĬĭŅĚȮ&TLC'Ȯ

(Skowron et al., 2016) 

ŏĨĶňĵĴĽŅĶĸŃĸŅĵĪňŗĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢőħĵĸŃĸŅĵĽŅĶĽĔńħľĵŅĭŒĬĽŅĶĸŃĸŅĵįĽĴ

ĶŃľĺƞŅĚėĸŀőĶĲŀĶƢĴ8ŏĴĪŅĬŀĸȮ&08/Ȯv/v'ȮĮĶŇĴŅĨĶȮ3ȮĴŇĸĸŇĸŇĨĶȮŐĸŃįĽĴŒľƟŏĕƟŅĔńĬőħĵŒĝƟ

ŏėĶŊŗŀĚőŁőĴěňœĬŏĞŀĶƢ (T 03D, IKA) ĪňŗėĺŅĴŏĶŖĺȮ4...ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ3ȮĬŅĪňȮŐĸƟĺěŉĚ

ŒĝƟŏĕŖĴĜňħĽņľĶńĭȮGC  ħŌħĽŅĶĸŃĸŅĵĮĶŇĴŅĨĶĶŀĭĸŃȮ0ȮœĴőėĶĸŇĨĶȮĬņĽŅĶĸŃĸŅĵĪňŗœħƟĕňħŒľƟ

ŏĮƦĬŏĽƟĬĨĶĚĨŅĴŐĬĺĶŃĬŅĭĸĚĭĬŐįƞĬȮTLC  ŏĮƦĬŏĽƟĬĨĶĚĪňŗĴňėĺŅĴĵŅĺĮĶŃĴŅĦȮ/Ȯ

ŏĞĬĨŇŏĴĨĶȮŐĸŃĶŀěĬŐľƟĚŐĸƟĺĕňħĞŘņěĬœħƟȮ4ȮœĴőėĶĸŇĨĶȮěŅĔĬńŘĬĬņŐįƞĬȮTLC ĺŅĚĸĚŒĬȮTLC 

chamber (ĕĬŅħȮ4×03×03ȮĞĴ,'ȮĪňŗŀŇŗĴĨńĺœĮħƟĺĵĽŅĶĸŃĸŅĵįĽĴĶŃľĺƞŅĚėĸŀőĶĲŀĶƢĴȮ63Ȯ

ĴŇĸĸŇĸŇĨĶĕŀĚȮŐĸŃŏĴĪŅĬŀĸȮ/3ȮĴŇĸĸŇĸŇĨĶȮĮƕħİŅȮchamber ŒľƟĽĬŇĪȮĮĸƞŀĵŒľƟŏĔŇħĔŅĶŐĵĔ

ĕŀĚĽŅĶĨńĺŀĵƞŅĚȮőħĵĽŅĶĸŃĸŅĵŏĮƦĬĨńĺĝŃıŅĨńĺŀĵƞŅĚœĮĭĬŐįƞĬȮTLC ŏĮƦĬĶŃĵŃĪŅĚȮ/4Ȯ

ŏĞĬĨŇŏĴĨĶȮěŅĔĬńŘĬĬņŐįƞĬȮTLC ŀŀĔĴŅȮ&ľĸńĚěŅĔįƞŅĬœĮĮĶŃĴŅĦȮ/,1.ȮĝńŗĺőĴĚ'ȮŐĸŃĮĸƞŀĵ

ŒľƟŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚȮĽŏĮĶĵƢĽŅĶĸŃĸŅĵėŀĮŏĮŀĶƢĞńĸŏĲĨĸĚĭĬŐįƞĬȮTLC ŒľƟĝŋƞĴĪńŘĚŐįƞĬȮ

ĮĸƞŀĵŒľƟŐįƞĬȮTLC ŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚĮĶŃĴŅĦȮ/ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĬņœĮŀĭħƟĺĵĨŌƟŀĭĸĴĶƟŀĬĪňŗ

ŀŋĦľĳŌĴŇȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ/3ȮĬŅĪňȮěŉĚĩƞŅĵĳŅıŐįƞĬȮTLC ħƟĺĵĔĸƟŀĚħŇěŇĨŀĸ

fujifilm X-M1 ŐĸŃĬņœĮĺŇŏėĶŅŃľƢĳŅıĩƞŅĵľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵőĮĶŐĔĶĴȮ

ImageJȮħńĚĶŅĵĸŃŏŀňĵħŒĬĳŅėįĬĺĔȮĔ4 
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 3.5.3 ĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėőėĶĴŅőĨĔĶŅĲƖĕŀĚŏľĸĺ

ĮĶŃĽŇĪīŇĳŅıĽŌĚȮ&HPLC-ELSD'Ȯ 

ŏĨĶňĵĴĽŅĶĸŃĸŅĵĪňŗĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢőħĵĸŃĸŅĵĨńĺŀĵƞŅĚĽŒĬĽŅĶĸŃĸŅĵįĽĴĶŃľĺƞŅĚ

ėĸŀőĶĲŀĶƢĴ8ŏĴĪŅĬŀĸȮ&08/Ȯv/v'ȮĮĶŇĴŅĨĶȮ3ȮĴŇĸĸŇĸŇĨĶȮŐĸŃįĽĴŒľƟŏĕƟŅĔńĬőħĵŒĝƟŏėĶŊŗŀĚőŁőĴ

ěňœĬŏĞŀĶƢĪňŗėĺŅĴŏĶŖĺȮ4...ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ3ȮĬŅĪňȮĔĶŀĚĽŅĶĸŃĸŅĵįƞŅĬȮPTFE 

syringe filter ĕĬŅħȮ.,23ȮœĴőėĶŏĴĨĶȮŐĸƟĺĜňħĨńĺŀĵƞŅĚĮĶŇĴŅĨĶȮ0.ȮœĴőėĶĸŇĨĶŏĕƟŅĽŌƞŏėĶŊŗŀĚȮ

HPLC ĽĳŅĺŃĪňŗŒĝƟĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħ ŐĽħĚĶŅĵĸŃŏŀňĵħŒĬ

ĳŅėįĬĺĔȮĔ5 

 

3.7 ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇ 

 ĬņĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĪħĸŀĚȮ1ȮĞŘņȮĴŅĪņĔŅĶĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬȮ&ANOVA' ŐĸŃ

ŏĮĶňĵĭŏĪňĵĭėƞŅŏĜĸňŗĵħƟĺĵĺŇīňȮDuncan őħĵŒĝƟőĮĶŐĔĶĴȮSPSS ĶŋƞĬȮ18.0 ĪňŗĶŃħńĭȮ h= 0.05 
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ĭĪĪňŗȮ2 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸĔŅĶĪħĸŀĚ 

 

2,/ȮĮĶŇĴŅĦėĺŅĴĝŊŘĬŐĸŃĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĪńŘĚȮ4 ĝĬŇħ 

ŒĬĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħȮ4 ĝĬŇħȮœħƟŐĔƞȮŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮ

ŐĸŃŏľŖħĬŅĚĶĴȮŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚȮőħĵĔŅĶĪņŐľƟĚŏľŖħĽħĪňŗŀŋĦľĳŌĴŇȮȮȮȮ6.ȮŀĚĻŅŏĞĸŏĞňĵĽȮ

ħƟĺĵŏėĶŊŗŀĚŀĭŐľƟĚŐĭĭĩŅħŏĮƦĬŏĺĸŅȮ02ȮĝńŗĺőĴĚȮŐĸŃĭħŏĮƦĬįĚĸŃŏŀňĵħȮěŅĔĔŅĶľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬ

ĕŀĚĪńŘĚŏľŖħĽħŐĸŃŏľŖħŀĭŐľƟĚĭħĸŃŏŀňĵħȮıĭĺƞŅĨńĺŀĵƞŅĚŏľŖħĽħĴňėƞŅėĺŅĴĝŊŘĬȮŀĵŌƞŒĬĝƞĺĚȮ88 -94% 

w.b. ŐĸŃĨńĺŀĵƞŅĚŏľŖħŀĭŐľƟĚĭħĸŃŏŀňĵħĴňĮĶŇĴŅĦėĺŅĴĝŊŘĬŀĵŌƞŒĬĝƞĺĚȮ6 - 14% w.b. ħńĚĨŅĶŅĚĪňŗȮ1Ȯ 

ŏľŖħĽƞĺĬŒľĠƞĴňėĺŅĴĝŊŘĬĽŌĚŐĸŃŏĬŊŘŀĽńĴįńĽĪňŗĸŃŏŀňĵħŀƞŀĬȮěŉĚœĴƞĽŅĴŅĶĩŏĔŖĭœĺƟœħƟĬŅĬĔĺƞŅȮ02Ȯ

ĝńŗĺőĴĚȮŒĬĽĳŅĺŃŐĺħĸƟŀĴĪňŗŏĮƦĬŏĕĨĶƟŀĬȮŏıĶŅŃŒĬŏľŖħĽħĴňėĺŅĴĝŊŘĬĪňŗĽŌĚȮĞŉŗĚĮĶŇĴŅĦėĺŅĴĝŊŘĬŒĬŀŅľŅĶ

ĽŌĚĴŅĔŏĪƞŅœĶȮėĺŅĴĝŊŘĬŒĬŀŅľŅĶĔŖěŃĵŇŗĚĸħĸĚŏĶŖĺĕŉŘĬŏĪƞŅĬńŘĬȮŏĬŊŗŀĚěŅĔĔŅĶĪņĚŅĬĕŀĚěŋĸŇĬĪĶňĵƢŐĸŃĔŅĶ

ėŅĵĬŘņĕŀĚŏľŖħȮ ěŉĚŏĮƦĬĽŅŏľĨŋľĸńĔĪňŗĪņŒľƟŏľŖħŏĽŊŗŀĴŏĽňĵœħƟĚƞŅĵȮŐĸŃŏľŖħĽħěŃŐĮĶĽĳŅıȮ ŏĝƞĬȮ

ŏĮĸňŗĵĬŏĮƦĬĽňĬŘņĨŅĸȮŏľňŗĵĺŏĜŅȮĔĸŅĵŏĮƦĬĕŀĚŏľĸĺȮĽŌĠŏĽňĵŏĬŊŘŀĽńĴįńĽȮĔĸŇŗĬȮĶĽĝŅĨŇȮłĸłȮĪņŒľƟœĴƞ

ĽŅĴŅĶĩĕŅĵœħƟȮ(Djamila, Iswahyono, & Bahariawan, 2020; Wakchaure, 2011) 

 

ĨŅĶŅĚĪňŗȮ1ȮĮĶŇĴŅĦėĺŅĴĝŊŘĬĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴȮ 
 

ĨńĺŀĵƞŅĚ ĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ&% w.b.) 

ŏľŖħĽħ ŏľŖħįĚŐľƟĚ 

ŏľŖħľŌľĬŌ 94.43 ± 0.24 7.13 ± 0.03 

ŏľŖħĲŅĚ 90.57 ± 0.04 14.14 ± 0.03 

ŏľŖħĬŅĚĲƚŅ 88.63 ± 0.23 6.17 ± 0.01 

ŏľŖħĬŅĚĶĴ 88.65 ± 0.33 7.58 ± 0.03 
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ĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĽħ ŏľŖħŀĭŐľƟĚĭħĸŃŏŀňĵħŐĸŃĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĪńŘĚȮ4 ĝĬŇħ ħńĚ

ĳŅıĪňŗȮ/4ȮőħĵĸńĔļĦŃĮĶŅĔĢĕŀĚĽŅĶĽĔńħľĵŅĭľĸńĚěŅĔĬņœĮĶŃŏľĵŏıŊŗŀĔņěńħŏŀĪŅĬŀĸŀŀĔœĮŐĸƟĺ

ĕŀĚŏľŖħľŌľĬŌŏĮƦĬĕŀĚŏľĸĺĕƟĬĽňĬŘņĨŅĸŀƞŀĬȮĴňĮĶŇĴŅĦĪňŗĬƟŀĵĴŅĔȮĸńĔļĦŃĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĲŅĚĴň

ĸńĔļĦŃŏĮƦĬĕŀĚŏľĸĺĕƟĬĽňĬŘņĨŅĸŐħĚŏĕƟĴȮ ĸńĔļĦŃĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĲƚŅŐĸŃŏľŖħĬŅĚĶĴĴň

ĸńĔļĦŃěńĭĨńĺŏĮƦĬĔƟŀĬĕŀĚŐĕŖĚŐĸŃĴňĽňŏľĸŊŀĚĪŀĚȮ 

 

 ŏľŖħľŌľĬŌ ŏľŖħĲŅĚ ŏľŖħĬŅĚĲƚŅ ŏľŖħĬŅĚĶĴ 

 
ŏľŖħĽħ 

 
    

 
ŏľŖħįĚŐľƟĚ 

 
    

 
ĽŅĶĽĔńħľĵŅĭ 

 
    

 

ĳŅıĪňŗȮ/4ȮĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ 
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4.2 ĮĶŇĴŅĦįĸįĸŇĨĕŀĚĽŅĶĽĔńħľĵŅĭŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħĪńŘĚȮ2ȮĝĬŇħ 

 įĸĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦįĸįĸŇĨĕŀĚĽŅĶĽĔńħľĵŅĭěŅĔĔŅĶĽĔńħħƟĺĵȮ ŏŀĪŅĬŀĸȮ73% Īňŗ

ŀŋĦľĳŌĴŇȮ2.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ02.ȮĬŅĪňȮ&ĳŅıĪňŗȮ17' ıĭĺƞŅŏľŖħĲŅĚŒľƟįĸįĸŇĨĽŅĶĽĔńħľĵŅĭ

ĽŌĚĽŋħėŊŀȮ/5,/6ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴŏľŖħŐľƟĚȮĨŅĴħƟĺĵŏľŖħĬŅĚĲƚŅŐĸŃŏľŖħĬŅĚĶĴĞŉŗĚĴňĴňįĸįĸŇĨĕŀĚĽŅĶ

ĽĔńħľĵŅĭœĴƞŐĨĔĨƞŅĚĔńĬėŊŀĮĶŃĴŅĦȮ5ȮĔĶńĴĨƞŀȮ /..Ȯ ĔĶńĴŏľŖħŐľƟĚȮŒĬĕĦŃĪňŗŏľŖħľŌľĬŌŒľƟĮĶŇĴŅĦ

įĸįĸŇĨĽŅĶĽĔńħľĵŅĭĨŗņĽŋħŏıňĵĚȮ.,65ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴŏľŖħŐľƟĚȮ 

 

 

ĳŅıĪňŗȮ/5ȮįĸįĸŇĨĕŀĚĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴȮ 
ĨńĺŀńĔļĶĔņĔńĭĪňŗŐĨĔĨƞŅĚĔńĬľĴŅĵĩŉĚėƞŅŏĜĸňŗĵĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮ&Duncan,  h= 
0.05) 
 

ěŅĔĬńŘĬĬņĽŅĶĽĔńħľĵŅĭĪňŗœħƟĴŅĺŇŏėĶŅŃľƢŏıŊŗŀľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC 

ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢħƟĺĵĳŅıĩƞŅĵ ěŅĔĳŅıĪňŗȮ/6ȮŒĬŐĩĭȮ/Ȯ-Ȯ3ȮŐĸŃȮ/0Ȯ-Ȯ/4ȮŏĮƦĬĽŅĶĔĸŌőėĞŇĸŏĞĶŅ

œĴħƢĴŅĨĶģŅĬĮĶŇĴŅĦĨƞŅĚȮŕȮȮȮŐĸŃŐĩĭȮ4Ȯ-Ȯ//ȮŏĮƦĬĨńĺŀĵƞŅĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ&ěŅĔĳŅıŏĮƦĬ

ŐĩĭĕŀĚĽŅĶĽĔńħěŅĔŏľŖħĬŅĚĲƚŅŐĸŃŏľŖħĬŅĚĶĴȮĽŅĶĽĔńħĸŃȮ1ȮĞŘņ'ȮěŃŏľŖĬĺƞŅŏĴŊŗŀŐĩĭĪňŗĴňĮĶŇĴŅĦĕŀĚ

ĔĸŌőėĞŇĸŏĞĶŅœĴħƢĴŅĨĶģŅĬŏıŇŗĴĕŉŘĬȮėĺŅĴŏĕƟĴĕŀĚĽňŏĪŅĔŖěŃĴŅĔĕŉŘĬŏĝƞĬĔńĬȮŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħľĵŅĭ

ěŅĔŏľŖħıĭŐĩĭĪňŗĨĶĚĔńĭŐĩĭĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĪŋĔĨńĺŀĵƞŅĚȮ ŐĴƟĺƞŅěŃĴňėĺŅĴŏĕƟĴėƞŀĬĕƟŅĚĨŗņȮ
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ĬŀĔěŅĔĬňŘěŃŏľŖĬĺƞŅŒĬĨńĺŀĵƞŅĚŏľŖħĵńĚĮĶŅĔĢŐĩĭľĸŅĵŐĩĭĕŀĚŀĚėƢĮĶŃĔŀĭŀŊŗĬŕȮŀĵŌƞȮ ĞŉŗĚŀŅěœħƟŐĔƞȮ

ĽŏĨŀĶŀĸĽƢ, ĔĶħœĕĴńĬ, œĨĶŏŀĞŇĸĔĸňŏĞŀĶŀĸȮŐĸŃȮĽŏĨŀĶŀĸŏŀĽŏĪŀĶƢȮŏĮƦĬĨƟĬȮ&Tessema, Gebre-

Mariam, Lange, et al., 0./5'ȮȮ 

 

 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ/6 ĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħľĵŅĭ
ěŅĔŏľŖħȮ 
őħĵĪňŗľĴŅĵŏĸĕȮ/Ȯ-Ȯ3ȮŐĸŃȮ/0Ȯ-Ȯ/4ȮŏĮƦĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢĴŅĨĶģŅĬĮĶŇĴŅĦȮ0Ȯ-Ȯ/.ȮµgȮĨŅĴĸņħńĭȮ

ŐĸŃŐĩĭȮ4Ȯ-Ȯ//ȮŏĮƦĬĨńĺŀĵƞŅĚĽŅĶĽĔńħěŅĔŏľŖħ 

 

 ěŅĔĳŅıĪňŗȮ/7ȮŐĽħĚőėĶĴŅőĨŐĔĶĴŐĸŃĔĶŅĲĴŅĨĶģŅĬĪňŗœħƟěŅĔĔŅĶĺŇėĶŅŃľƢěŅĔŐįƞĬȮTLC 
ĪňŗĺŇŏėĶŅŃľƢőħĵŒĝƟĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵȮőħĵĳŅıĩƞŅĵĽňĩŌĔĮĶńĭŒľƟŏĮƦĬĽňŏĪŅŐĭĭȮ8 bit &gray scale) 
ŏıŊŗŀŒľƟĽŃħĺĔŒĬĔŅĶĺŇŏėĶŅŃľƢȮŐĸŃĪńŘĚĽŅĶĴŅĨĶģŅĬŐĸŃĨńĺŀĵƞŅĚĩŌĔĬņœĮĽĶƟŅĚŏĮƦĬőėĶĴŅőĨŐĔĶĴĪňŗœħƟ
ěŅĔėƞŅėĺŅĴŏĕƟĴĕŀĚĽňŒĬėĶŅĺŏħňĵĺĔńĬȮıŊŘĬĪňŗŒĨƟĔĶŅĲĭĶŇŏĺĦĪňŗĮĶŅĔĢĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢ

1     2    3    4    5    6    7    8    9    10    11   12   13   14   15   16 



  36 

ĮĶŇĴŅĦĨƞŅĚȮŕȮĩŌĔıĸŖŀĨĭĬĔĶŅĲĪňŗŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮŐĸŃıŊŘĬĪňŗŒĨƟ
ĔĶŅĲȮĞŉŗĚıĭĺƞŅĽĴĔŅĶĴŅĨĶģŅĬĪňŗœħƟĴňĸńĔļĦŃŏĮƦĬŏĽƟĬĨĶĚȮěŅĔĬńŘĬěŉĚĬņıŊŘĬĪňŗŒĨƟĔĶŅĲĕŀĚĭĶŇŏĺĦĪňŗ
ĮĶŅĔĢŐĩĭĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ&ĳŅıĪňŗȮ/7'ȮœĮėņĬĺĦľŅėĺŅĴ
ŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢőħĵŒĝƟĽĴĔŅĶĔĶŅĲĴŅĨĶģŅĬħńĚĔĸƞŅĺȮ 
 

 

 
 
ĳŅıĪňŗȮ19 őėĶĴŅőĨŐĔĶĴȮ&A'ȮŐĸŃĔĶŅĲĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&B'ȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 
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ĳŅıĪňŗȮ20 őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&GlcCer) ŐĸŃĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ4 
ĝĬŇħĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 
 

ěŅĔĔŅĶĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 
ěŃŏľŖĬĺƞŅĸńĔļĦŃĕŀĚıňėĕŀĚĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢĞŉŗĚŏĮƦĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĕƟŅĺĮĶŅĔĢ
ŏĮƦĬĽŀĚıňėĨŇħĔńĬȮȮĪńŘĚĬňŘĴňĶŅĵĚŅĬĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢĽņėńĠĪňŗıĭŒĬĕƟŅĺĮĶŃĔŀĭħƟĺĵĔĸŌőėĞŇĸŏĞĶŅ
œĴħƢȮ2 ĝĬŇħĪňŗĴňĽŅĵĽĲƕĚĔŀĵħƢŏĭĽŏĮƦĬȮd18:2ȮŐĸŃȮt18:1 &cis ŐĸŃȮtrans isomers' (Sugawara et 
al., 2019) ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħľŌľĬŌĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏĪƞŅĔńĭȮ
1.64 ĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮŏľŖħĲŅĚŏĪƞŅĔńĭȮ1.76ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮ
ŏľŖħĬŅĚĲƚŅŏĪƞŅĔńĭȮ1.69ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮĞŉŗĚĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖĬĪńŘĚȮ
3 ĝĬŇħœĴƞĴňėĺŅĴŐĨĔĨƞŅĚŀĵƞŅĚĴňĬńĵĽņėńĠȮŒĬĕĦŃĪňŗĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴĴňĮĶŇĴŅĦĔĸŌőėĞŇĸ
ŏĞĶŅœĴħƢŏĪƞŅĔńĭȮ2.18ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮĞŉŗĚĽŌĚĔĺƞŅŏľŖħĝĬŇħŀŊŗĬŀĵƞŅĚĴňĬńĵĽņėńĠȮȮěŃ
ŏľŖĬœħƟĺƞŅŐĴƟĺƞŅĮĶŇĴŅĦĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĲŅĚěŃĴňėƞŅĽŌĚĔĺƞŅĝĬŇħŀŊŗĬȮ ŐĨƞĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħ
ĬŅĚĶĴĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĽŌĚĪňŗĽŋħȮ&ĳŅıĪňŗȮ0/'ȮŐĽħĚŒľƟŏľŖĬĺƞŅĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĲŅĚĴň
ĽƞĺĬĮĶŃĔŀĭŀŊŗĬȮŕȮĮĬŀĵŌƞŒĬĮĶŇĴŅĦĪňŗĽŌĚĔĺƞŅŏľŖħĝĬŇħŀŊŗĬĴŅĔȮěŅĔĔŅĶĻŉĔļŅĕŀĚȮYan et al. (0.0.'Ȯ
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ĽĔńħŏľŖħŏĭŀĶƢĔńĬħňŐľƟĚħƟĺĵŏŀĪŅĬŀĸȮ6.#ȮħƟĺĵŏėĶŊŗŀĚŀńĸĨĶƟŅőĞĬŇėȮŐĸƟĺĬņœĮĪņőėĶĴŅőĨĔĶŅĲƖıĭĺƞŅ
ŒĬĨńĺŀĵƞŅĚŏľŖħıĭĽŅĶĮĶŃĔŀĭŀŊŗĬŕĪňŗĽĔńħœħƟȮőħĵŏĜıŅŃĽŅĶĮĶŃĔŀĭŒĬĔĸŋƞĴĕŀĚĸŇıŇħȮŏĝƞĬȮĽŏĨŀĶŀĸȮ
ŐĸŃĔĸŋƞĴœĕĴńĬĪňŗĴňĕńŘĺĨŗņȮŏĮƦĬĨƟĬȮŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀėņĬĺĦĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĨƞŀŏľŖħįĚŐľƟĚȮ
100ȮĔĶńĴȮıĭĺƞŅŒĬŏľŖħĪŋĔĝĬŇħĴňĔĸŌőėĞŇĸŏĞĶŅœĴħƢĮĶŃĴŅĦȮ0.01 ů 0.3ȮĔĶńĴȮħńĚĳŅıĪňŗȮ0/ȮŏĴŊŗŀ
ŏĮĶňĵĭŏĪňĵĭĔńĭĺńĨĩŋħŇĭĝĬŇħŀŊŗĬĪňŗĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮŏĝƞĬȮĕƟŅĺĭŅĶƢŏĸĵƢȮ/2,2*ȮĕƟŅĺȮ0,3*ȮŐĮƚĚ
ĽŅĸňȮ0/*ȮĩńŗĺŀŃĞŉĔŇȮ1.,1*ȮĩńŗĺħņȮ00,0ȮŐĸŃĩńŗĺŏľĸŊŀĚȮ6ȮĴŇĸĸŇĔĶńĴ-/..ȮĔĶńĴŐľƟĚȮ&Sugawara & 
Miyazawa, /777'ȮħńĚĬńŘĬěŅĔįĸĔŅĶĪħĸŀĚĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅŏľŖħĬŅĚĶĴŏĮƦĬĺńĨĩŋħŇĭĪňŗĴňĻńĔĵĳŅıŒĬ
ĔŅĶĬņĴŅĽĔńħŐĸŃĬņĴŅĻŉĔļŅŒĬĔĶŃĭĺĬĔŅĶĨƞŀœĮȮŏĬŊŗŀĚěŅĔŏľŖħĬŅĚĶĴĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢ
ĴŅĔĪňŗĽŋħȮ ŐĸŃĽŅĶĽĔńħľĵŅĭĴňĸńĔļĦŃŏĮƦĬĕŀĚŐĕŖĚĽňŏľĸŊŀĚĪŀĚĞŉŗĚĴňĽňĪňŗŀƞŀĬŐĸŃĔĺƞŅĽŅĶĽĔńħľĵŅĭ
ĝĬŇħŀŊŗĬ 
 
 

 
ĳŅıĪňŗȮ21 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ4 ĝĬŇħ ĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ  
ĨńĺŀńĔļĶĔņĔńĭĪňŗŐĨĔĨƞŅĚĔńĬľĴŅĵĩŉĚėƞŅŏĜĸňŗĵĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮ&Duncan,  h= 
0.05) 
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4.3 ĮĶŇĴŅĦĔĸŋƞĴĽŅĶȮ(Proximate analysis) ŐĸŃĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋ 

 ŒĬĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋȮ&/-0ȮĺńĬ*Ȯ1-2ȮĺńĬȮŐĸŃȮ

3-4ȮĺńĬ'ȮŏĶŇŗĴěŅĔĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚŏľŖħįĚŐľƟĚĭħĸŃŏŀňĵħȮěŅĔĬńŘĬěŉĚĬņœĮĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŋƞĴĽŅĶ

ıĭĺƞŅėĺŅĴĝŊŘĬȮ&# w.b.'ȮĕŀĚĨńĺŀĵƞŅĚŏľŖħįĚŐľƟĚŀĵŌƞŒĬĝƞĺĚȮ5 -Ȯ6% ėƞŅőĮĶĨňĬŀĵŌƞŒĬĝƞĺĚȮ19 -Ȯ22% 

ĮĶŇĴŅĦŏĩƟŅŀĵŌƞŒĬĝƞĺĚȮ7 -Ȯ8% ĽƞĺĬėƞŅœĕĴńĬĴňėƞŅŀĵŌƞŒĬĝƞĺĚȮ1.4 -Ȯ1.5% ħńĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ2 

 

ĨŅĶŅĚĪňŗȮ4 ėƞŅĮĶŇĴŅĦĔĸŋƞĴĽŅĶĕŀĚŏľŖħĬŅĚĶĴįĚŐľƟĚĭħĸŃŏŀňĵħěŅĔŏľŖħĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋȮ 
 

 1-2 ĺńĬ 3-4 ĺńĬ 5-6 ĺńĬ 

ėĺŅĴĝŊŘĬ (%) 8.41 ± 2.82 8.02 ± 1.95 7.80 ± 1.41 
őĮĶĨňĬ (%) 22.99 ± 0.90 21.91 ± 0.70 19.00 ± 0.40 
ŏĩƟŅȮ(%) 8.08 ± 0.25 7.96 ± 0.05 7.44 ± 0.38 
œĕĴńĬȮ(%) 1.54 ± 0.22 1.49 ± 0.16 1.50 ± 0.14 

ėŅĶƢőĭœŁŏħĶĨ(Ȯ(%) 58.98 ± 4.14 60.61 ± 1.66 64.26 ± 0.62 

*ėņĬĺĦěŅĔȮėŅĶƢőĭœŁŏħĶĨȮ= 100 ů (ėĺŅĴĝŊŘĬȮ)ȮőĮĶĨňĬȮ)ȮŏĩƟŅȮ)ȮœĕĴńĬ) 

 

ěŅĔĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŋƞĴĽŅĶŒĬŏľŖħĬŅĚĶĴȮ ŐĽħĚŒľƟŏľŖĬĺƞŅŏľŖħĴňėĺŅĴĽņėńĠĴŅĔŒĬĔŅĶ

ŏĮƦĬŀŅľŅĶĕŀĚĴĬŋļĵƢȮőħĵĴňőĮĶĨňĬĽŌĚȮŐĸŃĴňœĕĴńĬĨŗņ őħĵőĮĶĨňĬěŅĔŏľŖħĮĶŃĔŀĭħƟĺĵĔĶħŀŃĴŇőĬĪňŗ

ěņŏĮƦĬĪńŘĚȮ7ȮĝĬŇħĪňŗĴĬŋļĵƢĨƟŀĚĔŅĶ &œĸĞňĬȮĺŅĸňĬȮœŀőĞĸŇĺĞňĬȮĸŇĺĞňĬȮĪĶňőŀĬňĬȮĪĶŇĮőĨŐĲĬȮŏĴĪœīőŀĬňĬȮ

ĲƖĬŇĸŀŃĸŅĬňĬȮŐĸŃŁňĽĨŇħňĬ'Ȯ ĬŀĔěŅĔĬňŘėŅĶƢőĭœŁŏħĶĨĵńĚŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔŒĬŏľŖħŐĸŃĽƞĺĬŒľĠƞ

ŏĮƦĬėŅĶƢőĭœŁŏħĶĨĪňŗœĴƞĽŅĴŅĶĩĵƞŀĵœħƟȮœħƟŐĔƞȮőıĸňŐĞŖĔėŅœĶħƢĪňŗįĬńĚŏĞĸĸƢȮŏĝƞĬȮœėĨŇĬȮŏĭĨƟŅĔĸŌŐėĬȮŐĸŃ

ŐĴĬŐĬĬ ŐĸŃőŀĸŇőĔŐĞŖĔėŅœĶħƢȮ(Cheung, 2013; Kumar, 2015) 
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ĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĬŅĚĶĴĽħȮŏľŖħľĸńĚŀĭŐľƟĚȮŏľŖħįĚŐľƟĚȮŐĸŃĽŅĶĽĔńħľĵŅĭȮıĭĺƞŅĴň

ėĺŅĴėĸƟŅĵėĸŉĚĔńĬŒĬĪŋĔĝƞĺĚŀŅĵŋȮħńĚĳŅıĪňŗȮ00 

 

 1-2 ĺńĬ 3-4 ĺńĬ 5-6 ĺńĬ 

 
ŏľŖħĽħ 

 
   

 
ľĸńĚěŅĔŀĭŐľƟĚ 

 
   

 
ŏľŖħįĚŐľƟĚ 

 
   

 
ĽŅĶĽĔńħľĵŅĭ 

 
   

 

ĳŅıĪňŗȮ00ȮĸńĔļĦŃĮĶŅĔĢĕŀĚŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ 
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4.4 ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĕŀĚŏľŖħĬŅĚĶĴ 3 ĝƞĺĚŀŅĵŋ 

įĸĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭěŅĔĔŅĶĽĔńħħƟĺĵȮ 73% ŏŀĪŅĬŀĸȮıĭĺƞŅ

įĸįĸŇĨĽŅĶĽĔńħľĵŅĭŒĬŐĨƞĸŃĶŃĵŃœĴƞŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮőħĵĴňĮĶŇĴŅĦŒĬĝƞĺĚȮ4,22 ů 6.88Ȯ

ĔĶńĴĨƞŀȮ/..ȮĔĶńĴŏľŖħŐľƟĚȮŐĨƞħńĚŐĽħĚŒĬĳŅıĪňŗ 23 

 

 

ĳŅıĪňŗȮ23 ĮĶŇĴŅĦįĸįĸŇĨĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋȮ 
nsėƞŅŏĜĸňŗĵœĴƞĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮ&Duncan,  h= .,.3' 
 

ěŅĔĬńŘĬĬņĽŅĶĽĔńħľĵŅĭĪňŗœħƟĴŅĺŇŏėĶŅŃľƢŏıŊŗŀľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC 

ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ02Ȯ 
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ĳŅıĪňŗȮ24 ĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢ (GlcCer) ŒĬĨńĺŀĵƞŅĚĽŅĶ
ĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴ 
őħĵĳŅıȮA ėŊŀȮĔĸŌőėĞŇĸŏĞĶŅœĴħƢĴŅĨĶģŅĬȮŐĸŃĳŅıȮB ėŊŀȮĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮőħĵŐĩĭĪňŗȮ/ȮėŊŀȮ
ĽŅĶĽĔńħěŅĔŏľŖħŀŅĵŋȮ/-0ȮĺńĬ*ȮŐĩĭĪňŗȮ0-2ȮėŊŀȮĽŅĶĽĔńħěŅĔŏľŖħŀŅĵŋȮ1-2ȮĺńĬȮŐĸŃȮŐĩĭĪňŗȮ3-5ȮėŊŀĽŅĶ
ĽĔńħěŅĔŏľŖħŀŅĵŋȮ3-4ȮĺńĬ 
 

 

 

 

 

 

 

EjaAcp 

A B 

1     2     3     4      5     6     7  
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 ĳŅıĪňŗȮ03ȮŐĽħĚőėĶĴŅőĨŐĔĶĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚ
ŀŅĵŋŏĪňĵĭĔńĭĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 

 

ĳŅıĪňŗȮ03ȮőėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴȮ1ȮĝƞĺĚŀŅĵŋȮŏĪňĵĭĔńĭĽŅĶĔĸŌőėĞŇĸŏĞĶŅ
œĴħƢĴŅĨĶģŅĬȮ(GlcCer)ȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 
  

ĔŅĶĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶ

ĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ ıĭĺƞŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŐĨƞĸŃĶŃĵŃœĴƞŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮőħĵĴň

ĮĶŇĴŅĦŒĬĝƞĺĚȮ0,4ȮůȮ0,7ȮĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮŐĸŃŏĴŊŗŀıŇěŅĶĦŅĩŉĚĮĶŇĴŅĦĔĸŌőėĞŇĸ

ŏĞĶŅœĴħƢĨƞŀŏľŖħįĚŐľƟĚȮ100 ĔĶńĴȮıĭĺƞŅĴňĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ.,/6ȮůȮ.,/7 ĔĶńĴȮħńĚĳŅıĪňŗȮ26ȮħńĚĬńŘĬěŃ

ĽńĚŏĔĨŋœħƟĺƞŅěŅĔĔŅĶĻŉĔļŅŐĨƞĸŃĝƞĺĚŀŅĵŋĕŀĚŏľŖħĬŅĚĶĴœĴƞĴňįĸĨƞŀĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 
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ĳŅıĪňŗȮ26 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ3 ĝƞĺĚȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵ
ŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵȮ 
ĨńĺŀńĔļĶĔņĔńĭĪňŗŐĨĔĨƞŅĚĔńĬľĴŅĵĩŉĚėƞŅŏĜĸňŗĵĴňėĺŅĴŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽņėńĠȮ&Duncan,  h= 
0.05) 
 

ěŅĔőėĶĴŅőĨŐĔĶĴĕŀĚŏľŖħĬŅĚĶĴĪňŗĳŅıĪňŗȮ03ȮěŃŏľŖĬĔĺƞŅĴňıňėĪńŘĚĔƞŀĬŐĸŃľĸńĚıňėĕŀĚĔĸŌ

őėĞŇĸŏĞĶŅœĴħƢĮĶŅĔĢŀĵŌƞȮŐĸŃěŅĔĔŅĶĪħĽŀĭħƟĺĵŏĪėĬŇėȮTLC ıĭĺƞŅŀĚėƢĮĶŃĔŀĭŀŊŗĬŕȮĪňŗŐĵĔœħƟĬńŘĬ

ŀŅěŏĮƦĬĽŅĶŒĬĔĸŋƞĴĕŀĚĲŀĽőĲĸŇıŇħȮ&őħĵŏĪňĵĭĔńĭŏĸĞŇĪŇĬ'ȮŐĸŃȮĔĸŋƞĴœĕĴńĬœĴƞĴňĕńŘĺľĶŊŀĕńŘĺĨŗņĴŅĔȮ&őħĵ

ŏĪňĵĭĔńĭĔĶħĸŇőĬŏĸŀŇĔ'ȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ05 
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ĳŅıĪňŗȮ05ȮőėĶĴŅőĨŐĔĶĴĽŅĶĴŅĨĶģŅĬȮĨńĺŀĵƞŅĚȮŏĸĞŇĪŇĬȮŐĸŃĔĶħĸŇőĬŏĸŀŇĔȮĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢ
ħƟĺĵŏĪėĬŇėȮTLC ĶƞĺĴĔńĭĔŅĶĺŇŏėĶŅŃľƢĳŅıĩƞŅĵ 
 

4.5 ĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴőħĵĔŅĶħŌħ

Ğńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸ 

ĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĔŅĶħŌħĞńĭŐĸŃėŅĵħŌħĞńĭȮ &adsorption-desorption) ŐĭĭĩńĚĔĺĬȮ

&stirred batchȮadsorption'ȮŏĮƦĬŀňĔĶŌĮŐĭĭľĬŉŗĚĕŀĚĔŅĶŒĝƟĞŇĸŅĔŅŏěĸőħĵŀŅĻńĵėŋĦĽĴĭńĨŇŏĮƦĬĨńĺħŌħ

ĞńĭĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĽŌĚȮŐĴƟĺƞŅőħĵĪńŗĺœĮŐĸƟĺĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŐĭĭĩńĚĔĺĬěŃĴňĮĶŃĽŇĪīŇĳŅıĨŗņĔĺƞŅĔŅĶŒĝƟ

ėŀĸńĴĬƢŐĨƞŀŅěěŃŒĝƟŏĮƦĬĔĶŃĭĺĬĔŅĶĕńŘĬĨƟĬŏıŊŗŀĔņěńħœĕĴńĬĭŅĚĔĸŋƞĴŀŀĔěŅĔĨńĺŀĵƞŅĚœħƟŏĬŊŗŀĚěŅĔĴň

ĕńŘĬĨŀĬĪňŗĴňėĺŅĴĞńĭĞƟŀĬĬƟŀĵĔĺƞŅȮŒĬĔŅĶĪħĸŀĚĬňŘěŉĚħņŏĬŇĬĔŅĶőħĵŀŅĻńĵėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĸŃĸŅĵ

ĕŀĚĽŅĶĽĔńħľĵŅĭŒĬĨńĺĪņĸŃĸŅĵĪňŗŐĨĔĨƞŅĚĔńĬȮ ĽŅĶĽĔńħľĵŅĭĩŌĔĬņĴŅĔņěńħŀĚėƢĮĶŃĔŀĭĪňŗœĴƞ

ĨƟŀĚĔŅĶőħĵĔŅĶĔĺĬįĽĴĔńĭĞŇĸŇĔŅŏěĸŒĬĨńĺĪņĸŃĸŅĵįĽĴĶŃľĺƞŅĚŏŁĔŏĞĬŐĸŃŀŃĞŇőĨĬŒĬŀńĨĶŅĽƞĺĬĪňŗ

ŐĨĔĨƞŅĚĔńĬȮľĸńĚěŅĔĪňŗĨńŘĚĪŇŘĚœĺƟŏĮƦĬŏĺĸŅȮ /.Ȯ ĬŅĪňȮ ŒĬŐĨƞĸŃĕńŘĬĨŀĬěŃĴňĽƞĺĬĝńŘĬħƟŅĬĭĬŏĮƦĬĽƞĺĬ

ĕŀĚŏľĸĺȮŐĸŃħƟŅĬĸƞŅĚĕŀĚĕĺħŏĮƦĬĽƞĺĬĕŀĚĞŇĸŇĔŅŏěĸȮőħĵĽƞĺĬĕŀĚĕŀĚŏľĸĺěŃĩŌĔĬņœĮĺŇŏėĶŅŃľƢħƟĺĵ

ŏĪėĬŇėȮTLC ıĭĺƞŅěŅĔĔŅĶĔĺĬĶŀĭŐĶĔŒĬĨńĺĪņĸŃĸŅĵĪŋĔŀńĨĶŅĽƞĺĬĬńŘĬȮıĭĺƞŅŏĶŇŗĴŐĶĔŏĴŊŗŀŒĝƟĨńĺĪņ

ĸŃĸŅĵŏŁĔŏĞĬĽŅĶĪŋĔŀĵƞŅĚŒĬĽŅĶĽĔńħľĵŅĭěŃĩŌĔħŌħĞńĭőħĵĞŇĸŇĔŅŏěĸœħƟħňȮŏĬŊŗŀĚěŅĔŏŁĔŏĞĬĴňėĺŅĴ

ŏĮƦĬĕńŘĺĨŗņěŉĚĴňŏıňĵĚŐėƞĽŅĶĪňŗĴňĕńŘĺĨŗņŐĸŃĔĸŌőėĞŇĸŏĞĶŅœĴħƢĸŃĸŅĵœĮŏıňĵĚĭŅĚĽƞĺĬŏĪƞŅĬńŘĬȮ ŐĸŃŏĴŊŗŀ

ŀńĨĶŅĽƞĺĬĕŀĚŀŃĞŇőĨĬŏıŇŗĴĕŉŘĬȮ &ėĺŅĴŏĮƦĬĕńŘĺĽŌĚĕŉŘĬ'ȮĮĶŇĴŅĦĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽƞĺĬĕŀĚ
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ĽŅĶĸŃĸŅĵěŃŏıŇŗĴĕŉŘĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ06ȮŐĨƞěŃŏľŖĬĺƞŅĩŉĚŐĴƟĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏıŇŗĴĕŉŘĬĽƞĺĬ

ĕŀĚĽŅĶŀŊŗĬŕĔŖŏıŇŗĴĕŉŘĬŏĝƞĬŏħňĵĺĔńĬȮĞŉŗĚľĴŅĵėĺŅĴĺƞŅĞŇĸŇĔŅŏěĸħŌħĞńĭœħƟŐĵƞĸĚȮ ŏĬŊŗŀĚěŅĔėĺŅĴŏĮƦĬĕńŘĺ

ĕŀĚĨńĺĪņĸŃĸŅĵĽŌĚĔĺƞŅėĺŅĴŏĮƦĬĕńŘĺĕŀĚĞŇĸŇĔŅŏěĸĪņŒľƟĽŅĶĸŃĸŅĵĬńŘĬœĴƞĩŌĔħŌħĞńĭœĮŒĬĞŇĸŇĔŅŏěĸȮ

ĸńĔļĦŃĕŀĚőėĶĴŅőĨŐĔĶĴěŅĔĔŅĶĺŇŏėĶŅŃľƢœĴƞėƞŀĵėĚĪňŗőħĵĶŃĵŃĪŅĚĪňŗĮĶŅĔĢıňėĕŀĚŏĞĶŅœĴħƢĪňŗœĴƞ

ĨĶĚĔńĬȮŀĵƞŅĚœĶĔŖĨŅĴŒĬĕńŘĬĨŀĬĕŀĚĔŅĶĺŇŏėĶŅŃľƢœħƟĴňĺŇŏėĶŅŃľƢĽŅĶĴŅĨĶģŅĬŏĪňĵĭŒĬĪŋĔėĶńŘĚ ħńĚĬńŘĬěŃ

ŏľŖĬœħƟĺƞŅĸńĔļĦŃĕŀĚĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢőħĵĔŅĶħŌħĞńĭŐĭĭĩńĚĔĺĬěŃĴň

ĮĶŃĽŇĪīŇĳŅıĨŗņĔĺƞŅĔŅĶŒĝƟėŀĸńĴĬƢőėĶĴŅőĨĔĶŅĲƖȮŐĨƞĴńĔĩŌĔŒĝƟŏĮƦĬĔĶŃĭĺĬĔŅĶĕńŘĬĨƟĬŏıŊŗŀĔņěńħœĕĴńĬ

ĭŅĚĔĸŋƞĴŀŀĔěŅĔĨńĺŀĵƞŅĚœħƟȮŏĬŊŗŀĚěŅĔĴňĕńŘĬĨŀĬĪňŗĴňėĺŅĴĞńĭĞƟŀĬĬƟŀĵĔĺƞŅ ħńĚĬńŘĬŒĬĔŅĶĪħĸŀĚĔŅĶ

ŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭŏľŖħĬŅĚĶĴőħĵĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇ

ĔŅŏěĸħƟĺĵĨńĺĪņĸŃĸŅĵįĽĴĶŃľĺƞŅĚŏŁĔŏĞĬŐĸŃŀŃĞňőĨĬĬňŘĵńĚœĴƞĴňĮĶŃĽŇĪīŇĳŅıĴŅĔıŀĽņľĶńĭĔŅĶ

ŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ ĞŉŗĚŀŅěŃĴňĽŅŏľĨŋĴŅěŅĔĽĳŅĺŃĪňŗĪħĸŀĚȮŏĝƞĬȮĔŅĶŏĸŊŀĔŒĝƟĨńĺ

ĪņĸŃĸŅĵȮŀńĨĶŅĽƞĺĬĕŀĚĨńĺĪņĸŃĸŅĵȮŐĸŃĮĶŇĴŅĦĕŀĚĞŇĸŇĔŅŏěĸŐĸŃĨńĺĪņĸŃĸŅĵ 

 

ĳŅıĪňŗȮ28 őėĶĴŅőĨŐĔĶĴĕŀĚŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĝńŘĬĕŀĚŏľĸĺĪňŗœħƟěŅĔĔŅĶĔĺĬĶŀĭĪňŗȮ/Ȯ 
ĕŀĚĽŅĶĸŃĸŅĵįĽĴĪŋĔŀńĨĶŅĽƞĺĬ ĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮTLC (H=Hexanes, 
A=Acetone) (ĨņŐľĬƞĚĸŌĔĻĶĽňŐħĚŒĬĳŅıȮėŊŀȮĔĸŌőėĞŇĸŏĞĶŅœĴħƢ) 
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4.6 ĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĽńħĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬŒĬĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶȮ

ĽĔńħľĵŅĭħƟĺĵĔŅĶħŌħĞńĭőħĵŒĝƟĞŇĸŇĔŅŏěĸ 

 ëČóìäòÛĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴħƟĺĵĞŇĸŇ

ĔŅŏěĸŒĬŀńĨĶŅĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬȮŏĶŇŗĴěŅĔĔŅĶĨĔĨŃĔŀĬĽŅĶőħĵŒĝƟŏŁĔŏĞĬőħĵĬņĽŅĶĽĔńħľĵŅĭĴŅ

ĸŃĸŅĵŒĬĨńĺĪņĸŃĸŅĵŏŁĔŏĞĬŏıŊŗŀĨĔĨŃĔŀĬȮ &őħĵĪňŗĵńĚœĴƞįĽĴĞŇĸŇĔŅŏěĸ'Ȯ ĞŉŗĚĪņŒľƟĽŅĴŅĶĩŐĵĔ

ŀĚėƢĮĶŃĔŀĭŀŀĔŏĮƦĬȮ0ȮĽƞĺĬȮėŊŀȮĽƞĺĬĪňŗĽŅĴŅĶĩĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&ŏĶňĵĔĺƞŅĽƞĺĬĪňŗȮ/) ȮŐĸŃȮĽƞĺĬĪňŗœĴƞ

ĽŅĴŅĶĩĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&ŏĶňĵĔĺƞŅĽƞĺĬĪňŗȮ0)ȮħńĚĳŅıĪňŗȮ1. ěŅĔĬńŘĬěŃŒĝƟĽƞĺĬĽŅĶĸŃĸŅĵȮ&1) ĴŅĔĺĬ

ıĶƟŀĴĔńĭĞŇĸŇĔŅŏěĸȮĮĶŇĴŅĦȮ0.5, 1.0, 1.5 ŐĸŃȮ0,. ĔĶńĴȮȮħńĚĳŅıĪňŗȮ1/ȮěŅĔĬńŘĬħŌħŐĵĔĽŅĶĸŃĸŅĵ

ħƟŅĬĭĬŀŀĔěĬľĴħȮŐĸŃĬņĽƞĺĬĕŀĚĞŇĸŇĔŅŏěĸĬņœĮĽĔńħħƟĺĵŏėĶŊŗŀĚȮSoxhlet őħĵŒĝƟŏŀĪŇĸŀŃĞŇŏĨĪȮ

ŏĮƦĬŏĺĸŅȮ/ȮĝńŗĺőĴĚȮěŃœħƟĽŅĶĽĔńħŀŀĔĴŅȮ&ŏĶňĵĔĺŅĽƞĺĬĪňŗȮ1)ȮħńĚĳŅıĪňŗȮ10 ěŅĔĬńŘĬĬņĽŅĶĽĔńħŒĬŐĨƞĸŃ

ĽƞĺĬœĮĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭħƟĺĵŏĪėĬŇėȮHPLC-ELSDȮ 

 ĳŅıĪňŗȮ07Ȯ ŐĽħĚőėĶĴŅőĨŐĔĶĴĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴ

ŏĮĶňĵĭŏĪňĵĭĔńĭĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD őħĵěŃŏľŖĬĺƞŅĽĳŅĺŃŒĬĔŅĶ

ĺŇŏėĶŅŃľƢĬňŘĽŅĴŅĶĩŐĵĔĔĸŌőėĞŇĸŏĞĶŅœĴħƢŀŀĔěŅĔŀĚėƢĮĶŃĔŀĭŀŊŗĬœħƟŀĵƞŅĚħňȮőħĵĮĶŅĔĢıňėĕŀĚĔĸŌ

őėĞŇĸŏĞĶŅœĴħƢĪňŗŏĺĸŅȮ1/-10ȮĬŅĪňȮĬńŗĬėŊŀŀĚėƢĮĶŃĔŀĭĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĬƟŀĵĔĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŃĴň

ėƞŅȮretention time ĬƟŀĵĔĺƞŅȮ 1.Ȯ ĬŅĪňȮŒĬĕĦŃĪňŗĽŅĶĪňŗĴňĕńŘĺĴŅĔĔĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮěŃĴňėƞŅȮ

retention time ĴŅĔĔĺƞŅȮ11ȮĬŅĪňȮ 
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ĳŅıĪňŗȮ29 őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħľĵŅĭŏĪňĵĭĔńĭĽŅĶĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗœħƟěŅĔĔŅĶ
ĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD 
 

 ŏĴŊŗŀĬņĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴĞŉŗĚĴňŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ/460,63ȮĴŇĸĸŇĔĶńĴĨƞŀȮ

/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮ&ľĶŊŀȮ/,48%'ȮĴŅĸŃĸŅĵŒĬŏŁĔŏĞĬŐĸƟĺıĭĺƞŅĴňŀĚėƢĮĶŃĔŀĭĭŅĚĽƞĺĬĪňŗ

œĴƞĽŅĴŅĶĩĸŃĸŅĵœħƟŐĸŃĨĔĨŃĔŀĬĸĚĴŅȮěŉĚœħƟĪņĔŅĶŐĵĔĽƞĺĬŀŀĔŏĮƦĬȮ2 ĽƞĺĬȮĞŉŗĚěŅĔőėĶĴŅőĨŐĔĶĴ

ĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢĽƞĺĬĪňŗœĴƞĸŃĸŅĵŒĬŏŁĔŏĞĬĬńŘĬıĭĽƞĺĬĮĶŃĔŀĭĪňŗĴňĕńŘĺĽŌĚĔĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢŀĵŌƞ

ŏĮƦĬĽƞĺĬĴŅĔȮŐĸŃĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢĪňŗĨŗņĴŅĔėŊŀȮ61,77ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚ

ĽŅĶĽĔńħľĵŅĭȮĕŀĚĽƞĺĬĪňŗœħƟěŅĔĽƞĺĬĪňŗœĴƞĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&ľĶŊŀȮ.,.6%'ȮŒĬĕĦŃĪňŗĽƞĺĬĪňŗĸŃĸŅĵŒĬ

ĽŅĶĸŃĸŅĵŏŁĔŏĞĬĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏıŇŗĴĕŉŘĬŏĮƦĬȮ04/4,3/ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴ

ĕŀĚĽŅĶĽĔńħľĵŅĭȮĕŀĚĽƞĺĬĪňŗœħƟěŅĔĽƞĺĬĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&ľĶŊŀȮ0,42%'Ȯ 

 

 

0

10000

20000

30000

40000

0 10 20 30 40 50 60 70

H
P

L
C-E
L

S
D

 s
ig

n
a

l (
m

V
)

Retention time (min) 

Solvent peak GlcCe

r 

Sample 

GlcCer STD 



  49 

 

 

 

 

 

 

ĳŅıĪňŗȮ1.ȮĸńĔļĦŃĮĶŅĔĢŐĸŃőėĶĴŅőĨŐĔĶĴĕŀĚĽƞĺĬĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&/)ȮŐĸŃ ĽƞĺĬĪňŗœĴƞĸŃĸŅĵŒĬ
ŏŁĔŏĞĬȮ&2) 
 

 ěŅĔĬńŘĬĬņĽŅĶĸŃĸŅĵĕŀĚĽƞĺĬĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬĪňŗĴňėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ

0,42#Ȯ ĴŅŏĮƦĬĨńĺŀĵƞŅĚĨńŘĚĨƟĬŒĬĕńŘĬĨŀĬĨƞŀœĮȮ őħĵěŃŒĝƟŏĪėĬŇėĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸȮȮ

ĨŅĴĺŇīňĔŅĶĪħĸŀĚĪňŗŀīŇĭŅĵĨŅĴĕƟŅĚĨƟĬȮėŊŀȮĬņœĮĔĺĬĔńĭĞŇĸŇĔŅŏěĸȮ0.5, 1.0, 1.5 ŐĸŃȮ0,. ĔĶńĴȮŏĮƦĬ

ŏĺĸŅȮ/.ȮĬŅĪňȮĞŉŗĚĸńĔļĦŃĮĶŅĔĢľĸńĚĔŅĶĔĺĬŐĸŃ HPLC-ELSD őėĶĴŅőĨŐĔĶĴȮŐĽħĚŒĬĳŅıĪňŗȮ1/Ȯ

ĞŉŗĚěŃĽńĚŏĔĨŋŏľŖĬĺƞŅŏĴŊŗŀŏıŇŗĴŀńĨĶŅĽƞĺĬĕŀĚĞŇĸŇĔŅŏěĸĽƞĺĬĕŀĚĽŅĶĸŃĸŅĵěŃĴňėĺŅĴŒĽŏıŇŗĴĴŅĔĕŉŘĬ ŏĴŊŗŀĬņ

ĽƞĺĬĽŅĶĸŃĸŅĵœĮĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD ıĭĺƞŅŏĴŊŗŀŏıŇŗĴĮĶŇĴŅĦĕŀĚĞŇĸŇĔŅŏěĸěŃĪņŒľƟėĺŅĴ

ŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŐĸŃĽƞĺĬĮĶŃĔŀĭŀŊŗĬȮŕȮĸħĸĚȮőħĵĔŅĶŒĝƟĞŇĸŇĔŅŏěĸȮ0,.ȮĔĶńĴȮ(ĳŅıĪňŗȮ

1/D)ȮıĭĺƞŅŒĬĽƞĺĬĽŅĶĸŃĸŅĵœĴƞĴňĔĸŌőėĞŇĸŏĞĶŅœĴħƢľĸĚŏľĸŊŀŀĵŌƞŏĸĵȮŐĽħĚŒľƟŏľŖĬĺƞŅĞŇĸŇĔŅŏěĸħŌħĞńĭ

ĽŅĶœĮĪńŘĚľĴħ 
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ĳŅıĪňŗȮ31 ĸńĔļĦŃĮĶŅĔĢľĸńĚĔŅĶĔĺĬŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴȮĕŀĚĽŅĶĸŃĸŅĵľĸńĚĨńŘĚĪŇŘĚœĺƟ
ĪňŗŀŋĦľĳŌĴŇľƟŀĚŏĮƦĬŏĺĸŅȮ10 ĬŅĪň ŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħĪňŗœħƟěŅĔĔŅĶĔĺĬĽƞĺĬ
ĪňŗĸŃĸŅĵŒĬŏŁĔŏĞĬĔńĭĞŇĸŇĔŅŏěĸȮĮĶŇĴŅĦȮ.,3Ȯ&A), /,.Ȯ&B), /,3Ȯ&C), 0,.Ȯ&D) ĔĶńĴ 
 

&?' 

&@' 

&A' 

&B' 
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 ŏĴŊŗŀĬņĽƞĺĬĞŇĸŇĔŅŏěĸœĮĽĔńħħƟĺĵħƟĺĵŏėĶŊŗŀĚȮSoxhlet őħĵŒĝƟĽŅĶĸŃĸŅĵŏŀĪŇĸŀŃĞŇŏĨĪȮĞŉŗĚĴň

ėĺŅĴŏĮƦĬĕńŘĺĽŌĚĔĺƞŅŏŁĔŏĞĬȮŐĸƟĺĬņĴŅĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD ȮœħƟőėĶĴŅőĨŐĔĶĴħńĚŐĽħĚŒĬĳŅıĪňŗȮ

10ȮıĭĺƞŅĽńĠĠŅĦıňėĪňŗĮĶŅĔĢĪňŗĝƞĺĚŏĺĸŅĪňŗȮ11ȮĬŅĪňȮŏĮƦĬĨƟĬœĮȮĸħĬƟŀĵĸĚĴŅĔŏĴŊŗŀŏĪňĵĭĔńĭĽƞĺĬĪňŗ

ĸŃĸŅĵŒĬŏŁĔŏĞĬȮ&ĳŅıĪňŗ1.&/'' ĞŉŗĚěŃŏĮƦĬıňėĕŀĚĽŅĶĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĴŅĔĔĺƞŅĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮĞŉŗĚ

ĽŅĶĪňŗĴňėĺŅĴŏĮƦĬĕńŘĺĴŅĔĔĺƞŅŏĞĶŅœĴħƢĬńŘĬĩŌĔŐĵĔœĮŒĬĕńŘĬĨŀĬŐĶĔĪňŗĨĔĨŃĔŀĬĽŅĶőħĵŒĝƟŏŁĔŏĞĬ 

 

 

 

 

 
 
 
ĳŅıĪňŗȮ32 ĸńĔļĦŃĕŀĚĽŅĶĽĔńħŐĸŃȮHPLC-ELSD őėĶĴŅőĨŐĔĶĴĕŀĚĽŅĶĽĔńħĪňŗœħƟěŅĔĽĔńħĞŇĸŇĔŅŏěĸ
ħƟĺĵŏėĶŊŗŀĚȮSoxhlet 
 

ĔŅĶĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĕŀĚĽŅĶĽĔńħ ıĭĺƞŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶ

ĽĔńħĪňŗœħƟľĸńĚĔŅĶĔĺĬĔńĭĞŇĸŇĔŅŏěĸ 0.5 ĔĶńĴȮŏĪƞŅĔńĭȮ0414,53ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħ

ľĵŅĭȮ&ľĶŊŀȮ0,4%'ȮĞŉŗĚŏĮƦĬĮĶŇĴŅĦĪňŗĴŅĔĪňŗĽŋħŒĬĽƞĺĬĕŀĚĽŅĶĽĔńħĪňŗœħƟȮŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢ

ŒĬĞŇĸŇĔŅŏěĸ 2.0 ĔĶńĴȮĪňŗĬņœĮĽĔńħħƟĺĵŏėĶŊŗŀĚȮsoxhletȮŏĪƞŅĔńĭȮ143.,1.ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚ

ĽŅĶĽĔńħľĵŅĭȮ&ľĶŊŀȮ1,4%'ȮȮŏĮƦĬĮĶŇĴŅĦĪňŗĴŅĔĪňŗĽŋħŒĬĽƞĺĬĕŀĚĞŇĸŇĔŅŏěĸȮ 
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ĨŅĶŅĚĪňŗȮ5 ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħĪňŗœħƟŒĬŐĨƞĸŃĕńŘĬĨŀĬ 
 

ĮĶŇĴŅĦĕŀĚĞŇĸŇĔŅŏěĸȮ&ĔĶńĴ' 
ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ 
&mg//.. g extract d.b.) 

ĽƞĺĬĽŅĶĸŃĸŅĵľĸńĚĔĺĬ
ĔńĭĞŇĸŇĔŅŏěĸ 

0.5 2636.75 ± 209.25 
1.0 1089.40 ± 78.07 
1.5 756.57 ± 89.78 
2.0 0 

ĽƞĺĬĞŇĸŇĔŅŏěĸĪňŗĬņœĮĽĔńħ
ħƟĺĵȮSoxhlet 

0.5 1673.23 ± 56.27 
1.0 1929.40 ± 152.82 
1.5 2988.78 ± 134.38 
2.0 3650.30 ± 187.22 
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ĭĪĪňŗȮ3 

ĽĶŋĮįĸĔŅĶĪħĸŀĚ 
 

ěŅĔĔŅĶĽĔńħŏľŖħĪńŘĚȮ4 ĝĬŇħħƟĺĵȮ95% ŏŀĪŅĬŀĸȮıĭĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔ

ĔŅĶĽĔńħŏľŖħĔŇĬœħƟĪňŗĴňĔŅĶŏıŅŃĮĸŌĔŒĬĮĶŃŏĪĻȮĪńŘĚȮ4 ĝĬŇħȮėŊŀȮŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃȮ

ŏľŖħĬŅĚĶĴȮőħĵĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħĬŅĚĶĴĴňĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢĽŌĚĽŋħȮ2.18 g/100g crude 

extract d.b. ěŉĚŏĸŊŀĔŏľŖħĬŅĚĶĴŏĮƦĬĺńĨĩŋħŇĭĪňŗĴňĻńĔĵĳŅıŒĬĔŅĶĬņĴŅĽĔńħŐĸŃĻŉĔļŅĔĶŃĭĺĬĔŅĶŏıŇŗĴ

ėĺŅĴĭĶŇĽŋĪīŇśĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢĨƞŀœĮȮ ěŅĔĔŅĶĻŉĔļŅĝƞĺĚŀŅĵŋĕŀĚŏľŖħĬŅĚĶĴıĭĺƞŅŀŅĵŋĕŀĚŏľŖħ

ĬŅĚĶĴœĴƞĴňįĸĨƞŀĮĶŇĴŅĦĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ ŒĬĕńŘĬĨŀĬĔŅĶŒĝƟŏŁĔŏĞĬŒĬĔŅĶĨĔĨŃĔŀĬĽŅĶĽĔńħ

ľĵŅĭĪņŒľƟėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢŏıŇŗĴĕŉŘĬěŅĔȮ/460,63ȮœĮŏĮƦĬȮ04/4,3/ȮĴŇĸĸŇĔĶńĴĨƞŀȮ

/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħľĵŅĭȮŒĬĔŅĶĻŉĔļŅįĸĕŀĚĽńħĽƞĺĬĮĶŇĴŅĦĞŇĸŇĔŅŏěĸĪňŗŐĨĔĨƞŅĚĔńĬȮœħƟŐĔƞȮ.,3, 

/,., /,3ȮŐĸŃȮ0,.ȮĔĶńĴȮȮĨƞŀĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĽŅĶĽĔńħľĵŅĭĪňŗĸŃĸŅĵŒĬ

ŏŁĔŏĞĬȮıĭĺƞŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħĽŌĚĪňŗĽŋħœħƟľĸńĚĔŅĶĔĺĬĔńĭĞŇĸŇĔŅŏěĸĕŀĚŀńĨĶŅĽƞĺĬ

ĽŅĶĽĔńħľĵŅĭĨƞŀĞŇĸŇĔŅŏěĸȮ/,.8.,3ȮőħĵĬŘņľĬńĔȮĴňėƞŅŏĪƞŅĔńĭȮ0414,53ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶ

ĽĔńħľĵŅĭȮ ŐĸŃĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽƞĺĬĞŇĸŇĔŅŏěĸĽŌĚĪňŗĽŋħœħƟěŅĔĔŅĶŒĝƟŀńĨĶŅĽƞĺĬĽŅĶĽĔńħ

ľĵŅĭĨƞŀĞŇĸŇĔŅŏěĸȮ/,.80,.ȮőħĵĬŘņľĬńĔȮĴňėƞŅŏĪƞŅĔńĭȮ143.,1.ȮĴŇĸĸŇĔĶńĴĨƞŀȮ/..ȮĔĶńĴĕŀĚĽŅĶĽĔńħ

ľĵŅĭȮ ĚŅĬĺŇěńĵĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅŏľŖħĬŅĚĶĴŏĮƦĬĺńĨĩŋħŇĭŒĬĔŅĶĽĔńħŏĞĶŅœĴħƢĪňŗĴňėĺŅĴŏĮƦĬœĮœħƟŏĝŇĚ

ŀŋĨĽŅľĔĶĶĴŐĸŃĔĶŃĭĺĬĔŅĶĨĔĨŃĔŀĬħƟĺĵŏŁĔŏĞĬŐĸŃĔŅĶħŌħĞńĭ-ėŅĵħŌħĞńĭħƟĺĵĞŇĸŇĔŅŏěĸĽŅĴŅĶĩ

ŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħœħƟȮ ŐĸŃŏıŊŗŀŒĬĔŅĶĻŉĔļŅĔŅĶŏıŇŗĴėĺŅĴŏĕƟĴĕƟĬĕŀĚĔĸŌőėĞŇĸ

ŏĞĶŅœĴħƢŒĬĕńŘĬĨŀĬœĮĔŅĶŒĝƟőėĶĴŅőĨĔĶŅĲƖŐĭĭėŀĸńĴĬƢŏĮƦĬĺŇīňĪňŗŐĬŃĬņĽņľĶńĭĔŅĶŐĵĔŀĚėƢĮĶŃĔŀĭ

ĪňŗĨƟŀĚĔŅĶŏĬŊŗŀĚěŅĔŏĮƦĬĺŇīňĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚȮŐĸŃŏĮƦĬĺŇīňĪňŗĬŇĵĴŒĝƟŒĬŏĝŇĚŀŋĨĽŅľĔĶĶĴ 
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ĳŅėįĬĺĔȮĔ 

ĺŇīňĔŅĶĺŇŏėĶŅŃľƢ 

ĔȮ/ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦėĺŅĴĝŊŘĬȮ&ħńħŐĮĸĚěŅĔȮAOAC, 2000' 

1.1. ŀĭĳŅĝĬŃĽņľĶńĭľŅėĺŅĴĝŊŘĬħƟĺĵĨŌƟŀĭĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ/.3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬņŀŀĔěŅĔ

ĨŌƟŀĭœĮŒĽƞŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔ 

1.2. ĪņŏĝƞĬŏħňĵĺĔńĭĕƟŀȮ/,/ȮěĬœħƟįĸĨƞŅĚĕŀĚĬŘņľĬńĔĪňŗĝńŗĚœĴƞŏĔŇĬȮ1ȮĴŇĸĸŇĔĶńĴ 

1.3. ĝńŗĚĨńĺŀĵƞŅĚĪňŗĨƟŀĚĔŅĶľŅėĺŅĴĝŊŘĬŒľƟœħƟĬŘņľĬńĔŐĬƞĬŀĬȮ1-3ȮĔĶńĴȮŒĽƞĸĚŒĬĳŅĝĬŃľŅėĺŅĴĝŊŘĬ

ĪňŗĪĶŅĭĬŘņľĬńĔŐĬƞĬŀĬ 

1.4. ĬņœĮŀĭŒĬĨŌƟŀĭĸĴĶƟŀĬĪňŗŀŋĦľĳŌĴŇȮ/.3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ02ȮĝńŗĺőĴĚȮŐĸƟĺĬņŀŀĔĴŅŒĽƞŒĬ

őĩħŌħėĺŅĴĝŊŘĬȮ ĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔȮ ŀĭĞŘņěĬœħƟ

įĸĨƞŅĚĕŀĚĬŘņľĬńĔĪňŗĝńŗĚœĴƞŏĔŇĬȮ1ȮĴŇĸĸŇĔĶńĴ 

1.5. ėņĬĺĦľŅĮĶŇĴŅĦėĺŅĴĝŊŘĬěŅĔĽŌĨĶ 

ĶƟŀĵĸŃĕŀĚėĺŅĴĝŊŘĬȮ;Ȯ
&ĬŘņľĬńĔĨńĺŀĵƞŅĚĔƞŀĬŀĭ+ĬŘņľĬńĔĨńĺŀĵƞŅĚľĸńĚŀĭ'

ĬŘņľĬńĔĨńĺŀĵƞŅĚȮ&ĔĶńĴ'
ȮvȮ/.. 

 

ĔȮ0ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦœĕĴńĬȮ&ħńħŐĮĸĚěŅĔȮAOAC, 2000' 

2.1. ĝńŗĚĨńĺŀĵƞŅĚȮ1-3ȮĔĶńĴȮŒĽƞĭĬĔĶŃħŅļĔĶŀĚȮWhatman ŏĭŀĶƢȮ/ȮŐĸŃľƞŀĴŇħĝŇħȮĬņŒĽƞĸĚŒĬĪŇĴ

ŏĭŇĸȮ&thimble' 

2.2. ĬņĩƟĺĵŏĮĸƞŅŀĭĪňŗȮ/.3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬŅĬȮ/ȮĝńŗĺőĴĚȮĬņŀŀĔěŅĔĨŌƟŀĭœĮŒĽƞŒĬőĩħŌħėĺŅĴĝŊŘĬȮ

ĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔ 

2.3. ĬņĔŅĶĺŀĶƢĴŏėĶŊŗŀĚĽĔńħȮ őħĵŏĮƕħĽĺŇĪĞƢĪňŗŏėĶŊŗŀĚěƞŅĵėĺŅĴĶƟŀĬĞŉŗĚĨńŘĚŀŋĦľĳŌĴŇȮ /1.ȮŀĚĻŅ

ŏĞĸŏĞňĵĽȮŐĸŃĶŀěĬœħƟŀŋĦľĳŌĴŇĨŅĴĪňŗĔņľĬħȮ ĕĦŃŏħňĵĺĔńĬŏĮƕħŏėĶŊŗŀĚĪņėĺŅĴŏĵŖĬĞŉŗĚĨńŘĚ

ŀŋĦľĳŌĴŇȮ/3ȮŀĚĻŅŏĞĸŏĞňĵĽȮĬņĪŇĴŏĭŇĸĪňŗĴňĨńĺŀĵƞŅĚĨŇħĔńĭȮthimble adaptor 

2.4. ŏĨŇĴĨńĺĪņĸŃĸŅĵŏŀĪŇĸȮŀŃĞŇŏĨĪȮĸĚŒĬĩƟĺĵĪňŗĪĶŅĭĬŘņľĬńĔŐĬƞĬŀĬĮĶŇĴŅĨĶȮ3.ȮĴŇĸĸŇĸŇĨĶȮĺŅĚ

ĸĚŒĬȮcup holder ŐĸƟĺĬņŏĕƟŅŏėĶŊŗŀĚĽĔńħ 

2.5. ĔħĸŖŀėėŅĬĕŀĚŏėĶŊŗŀĚĽĔńħȮĨńŘĚŏĺĸŅŒĬŐĨƞĸŃĝńŘĬĨŀĬőħĵŏĺĸŅŒĬĔŅĶĨƟĴĨńĺŀĵƞŅĚȮ/ȮĝńŗĺőĴĚ*Ȯ

rinsing 2 ĝńŗĺőĴĚȮŐĸŃȮrecoveryȮ0.ȮĬŅĪň 
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2.6. ŏĴŊŗŀėĶĭŏĺĸŅĬņĩƟĺĵŀŀĔěŅĔŏėĶŊŗŀĚȮŐĸŃĬņœĮĶŃŏľĵĪňŗĨŌƟħŌħėĺŅĴĝŊŘĬŏĮƦĬŏĺĸŅȮ0.ȮĬŅĪňȮŐĸƟĺ

ĬņœĮŀĭŐľƟĚħƟĺĵĨŌƟŀĭĸĴĶƟŀĬĪňŗȮ/.3ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅ/.ȮĬŅĪňȮěŅĔĬńŘĬĬņŀŀĔěŅĔ

ĨŌƟŀĭœĮŒĽƞŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔ 

2.7. ėņĬĺĦľŅĮĶŇĴŅĦœĕĴńĬěŅĔĽŌĨĶ 

ĶƟŀĵĸŃĕŀĚœĕĴńĬȮ;Ȯ
ĬŘņľĬńĔœĕĴńĬȮ&ĔĶńĴ'

ĬŘņľĬńĔĨńĺŀĵƞŅĚŏĶŇŗĴĨƟĬȮ&ĔĶńĴ'
ȮvȮ/.. 

 

ĔȮ1ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦőĮĶĨňĬȮ&ħńħŐĮĸĚěŅĔȮAOAC, 0...' 

3.1. ĝńŗĚĨńĺŀĵƞŅĚȮ/ȮĔĶńĴȮŒĽƞĸĚŒĬȮKjeldahl flask ŏĨŇĴėŀĮŏĮŀĶƢĞńĸŏĲĨȮ.,/ȮĔĶńĴ*ȮőĞŏħňĵĴĞńĸŏĲĨȮ

0ȮĔĶńĴ*ȮĔĶĴĞńĸĲŌĶŇĔŏĝƟĴĝƟĬȮ03ȮĴŇĸĸŇĸŇĨĶȮŐĸŃŒĽƞȮantibumping chip 2 ŏĴŖħ 

3.2. ĨńŘĚŀŋĦľĳŌĴŇĕŀĚŏėĶŊŗŀĚĵƞŀĵœĺƟĪňŗȮ/6.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĴŊŗŀĩŉĚŀŋĦľĳŌĴŇĨŅĴĔņľĬħŒľƟĪŇŘĚœĺƟŏĮƦĬ

ĶŃĵŃŏĺĸŅĬŅĬȮ0.ȮĬŅĪňȮŐĸƟĺěŉĚŏĮĸňŗĵĬŀŋĦľĳŌĴŇŏĮƦĬȮ16.ȮŀĚĻŅŏĞĸŏĞňĵĽȮěńĭŏĺĸŅȮ0ȮĝńŗĺőĴĚȮ

ľĶŊŀěĬĔĺƞŅĽŅĶĸŃĸŅĵěŃŏĮƦĬĽňŒĽȮŐĸŃĪŇŘĚŒľƟĽŅĶĸŃĸŅĵŏĵŖĬ 

3.3. ĨŇħĨńŘĚŏėĶŊŗŀĚĴŊŀĔĸńŗĬŒľƟĮĸŅĵĕŀĚȮcondenser ěŋƞĴĸĚŒĬĽŅĶĸŃĸŅĵȮ2% ĔĶħĭŀĶŇĔȮĮĶŇĴŅĨĶȮ

03ȮĴŇĸĸŇĸŇĨĶȮŐĸŃľĴħŏĴĪŇĸŏĶħĸĚœĮȮ0Ȯľĵħ 

3.4. ŏĨŇĴĽŅĶĸŃĸŅĵȮ3.% őĞŏħňĵĴœŁħĶŀĔœĞħƢȮĮĶŇĴŅĨĶȮ3.-5.ȮĴŇĸĸŇĸŇĨĶĸĚŒĬȮKjeldahl flaskȮ

őħĵĕńŘĬĨŀĬĬňŘőĞŏħňĵĴœŁħĶŀĔœĞħƢĩŌĔŏĨŇĴőħĵŏėĶŊŗŀĚĔĸńŗĬ 

3.5. ŏĔŖĭĽŅĶĸŃĸŅĵĪňŗĔĸńŗĬœħƟȮ ěŅĔĬńŘĬĬņœĮœĨŏĨĶĨħƟĺĵĽŅĶĸŃĸŅĵĴŅĨĶģŅĬȮ .,/N ĔĶħœŁőħĶ

ėĸŀĶŇĔ ěĬœħƟěŋħĵŋĨŇŏĮƦĬĽňĝĴıŌŀƞŀĬ 

3.6. ėņĬĺĦĶƟŀĵĸŃĕŀĚœĬőĨĶŏěĬŒĬĨńĺŀĵƞŅĚőħĵŒĝƟȮconversion factor ŏĪƞŅĔńĭȮ4,03ȮŐĸŃľŅ

ĶƟŀĵĸŃĮĶŇĴŅĦőĮĶĨňĬěŅĔĽŌĨĶ (ĶƟŀĵĸŃĕŀĚőĮĶĨňĬȮ= ĶƟŀĵĸŃĕŀĚőĮĶĨňĬ x 6.25) 

 

ĶƟŀĵĸŃĕŀĚœĬőĨĶŏěĬȮ;Ȯ
Y&ĴŇĸĸŇĸŇĨĶȮFAjȮ+ȮĴŇĸĸŇĸŇĨĶȮ@j_li'ȮvȮLmpk_jgrwȮmdȮFAjȮvȮ/2,..5ȮvȮ/..[

ĬŘņľĬńĔĨńĺŀĵƞŅĚȮ&ĴŇĸĸŇĔĶńĴ'
 

(ŒĝƟĬŘņĔĸńŗĬŏĮƦĬȮBlank ĝńŗĚĬŘņľĬńĔŒľƟŒĔĸƟŏėňĵĚĔńĭĨńĺŀĵƞŅĚȮ ŐĸŃĽŅĶĸŃĸŅĵĴŅĨĶģŅĬœŁőħĶ

ėĸŀĶŇĔĨƟŀĚŏĪňĵĭĴŅĨĶŅģŅĬĔńĭĽŅĶĸŃĸŅĵȮ .,/N ĴŅĨĶŅģŅĬőĞŏħňĵĴœŁħĶŀĔœĞħƢ őħĵĴň

ĲƖĬŀĲĪŅĸňĬŏĮƦĬŀŇĬħŇŏėŏĨŀĶƢ 
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ĔȮ2ȮĔŅĶĺŇŏėĶŅŃľƢĮĶŇĴŅĦŏĩƟŅȮ&ħńħŐĮĸĚěŅĔȮAOAC, 0...' 

4.1. ŏįŅĩƟĺĵĔĶŃŏĭŊŘŀĚŒĬŏĨŅŏįŅĪňŗŀŋĦľĳŌĴŇ 550 ŀĚĻŅŏĞĸŏĞňĵĽȮ ĬŅĬȮ 1Ȯ ĝńŗĺőĴĚ ĬņŀŀĔěŅĔ

ŏĨŅŏįŅœĮŒĽƞŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔ 

4.2. ĪņŏĝƞĬŏħňĵĺĔńĭĕƟŀȮ2,/ȮěĬœħƟįĸĨƞŅĚĕŀĚĬŘņľĬńĔĪňŗĝńŗĚœĴƞŏĔŇĬȮ1ȮĴŇĸĸŇĔĶńĴ 

4.3. ĝńŗĚĨńĺŀĵƞŅĚȮ0ȮĔĶńĴȮĸĚŒĬĩƟĺĵĔĶŃŏĭŊŘŀĚȮŐĸƟĺĬņœĮŏįŅĭĬŏĨŅŐĔƠĽěĬľĴħėĺńĬ 

4.4. ĬņœĮŏįŅĪňŗŏĨŅŏįŅĪňŗŀŋĦľĳŌĴŇ 550 ŀĚĻŅŏĞĸŏĞňĵĽ ĬŅĬȮ0ȮĝńŗĺőĴĚȮŐĸƟĺĬņŀŀĔěŅĔŏĨŅŏįŅœĮ

ŒĽƞŒĬőĩħŌħėĺŅĴĝŊŘĬȮĮĸƞŀĵĪŇŘĚœĺƟěĬĔĶŃĪńŗĚŀŋĦľĳŌĴŇĕŀĚĳŅĝĬŃĸħĸĚŐĸƟĺĝńŗĚĬŘņľĬńĔ 

4.5. ėņĬĺĦľŅĮĶŇĴŅĦŏĩƟŅěŅĔĽŌĨĶ 

ĶƟŀĵĸŃĕŀĚŏĩƟŅȮ;Ȯ
ĬŘņľĬńĔĽƞĺĬĪňŗŏľĸŊŀěŅĔĔŅĶŏįŅȮ&ĔĶńĴ'

ĬŘņľĬńĔĨńĺŀĵƞŅĚŏĶŇŗĴĨƟĬȮ&ĔĶńĴ'
ȮvȮ/.. 

 

ĔȮ3 ĔŅĶĨĶĺěľŅŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮTLC 
5.1. ĝńŗĚĽŅĶĽĔńħľĵŅĭĮĶŇĴŅĦȮ .,0Ȯ ĔĶńĴȮ ĸŃĸŅĵŒĬĽŅĶĸŃĸŅĵįĽĴĶŃľĺƞŅĚėĸŀőĶĲŀĶƢĴ8ŏĴĪŅ
ĬŀĸȮ&08/'Ȯ2,3ȮĴŇĸĸŇĸŇĨĶȮįĽĴŒľƟŏĕƟŅĔńĬőħĵŒĝƟŏėĶŊŗŀĚőŁőĴěňœĬŏĞŀĶƢĪňŗėĺŅĴŏĶŖĺȮ4...ȮĶŀĭĨƞŀ
ĬŅĪňȮŏĮƦĬŏĺĸŅȮ3ȮĬŅĪňȮ 

5.2. ĬņĽŅĶĸŃĸŅĵĪňŗœħƟĕňħŒľƟŏĮƦĬŏĽƟĬĨĶĚĨŅĴŐĬĺĶŃĬŅĭĸĚĭĬŐįƞĬȮTLC ħƟĺĵŏĕŖĴĜňħĵŅĽņľĶńĭȮ
GC őħĵħŌħĽŅĶĸŃĸŅĵĪňŗŏĨĶňĵĴœĺƟŐĸƟĺȮ 0Ȯ œĴőėĶĸŇĨĶȮ &ŏĽƟĬĨĶĚĪňŗĴňėĺŅĴĵŅĺĮĶŃĴŅĦȮ1 
ŏĞĬĨŇŏĴĨĶ ĨŅĴŐĬĺĶŃĬŅĭȮŐĸŃľƞŅĚěŅĔĕŀĭŐįƞĬȮTLC ĕŉŘĬĴŅȮ2 ŏĞĬĨŇŏĴĨĶ'ȮĪŇŘĚĨńĺŀĵƞŅĚĪňŗ
ľĵħŒľƟŐľƟĚȮěŅĔĬńŘĬľĵħĽŅĶĸŃĸŅĵŀňĔȮ0ȮœĴőėĶĸŇĨĶȮĞŘņĨĶĚĨņŐľĬƞĚŏħŇĴŐĸŃĶŀŒľƟŐľƟĚȮĪņ
ŏĝƞĬĬňŘŀňĔȮ0ȮėĶńŘĚȮħńĚĬńŘĬĮĶŇĴŅĨĶĶĺĴĕŀĚĽŅĶĸŃĸŅĵĪňŗľĵħĸĚĭĬŐįƞĬȮTLC ĪńŘĚľĴħėŊŀȮ6Ȯ
œĴőėĶĸŇĨĶȮ 

5.3. ĬņŐįƞĬȮTLC ĺŅĚĸĚŒĬȮTLC chamber &ĕĬŅħȮ4×03×03'ȮĪňŗŀŇŗĴĨńĺœĮħƟĺĵĽŅĶĸŃĸŅĵįĽĴ
ĶŃľĺƞŅĚȮ63ȮĴŇĸĸŇĸŇĨĶĕŀĚėĸŀőĶĲŀĶƢĴȮŐĸŃȮ/3ȮĴŇĸĸŇĸŇĨĶĕŀĚŏĴĪŅĬŀĸȮ&ŏĨĶňĵĴőħĵįĽĴ
ĽŅĶĸŃĸŅĵħńĚĔĸƞŅĺĸĚŒĬȮTLC chamber ĮƕħİŅȮTLC chamber ŒľƟĽĬŇĪȮŐĸƟĺĨńŘĚĪŇŘĚœĺƟ
ĮĶŃĴŅĦȮ/ȮĝńŗĺőĴĚȮĔƞŀĬĪņĔŅĶĪħĸŀĚ'Ȯ 

5.4. ĮƕħİŅȮchamber ŒľƟĽĬŇĪȮĮĸƞŀĵŒľƟŏĔŇħĔŅĶŐĵĔĕŀĚĽŅĶĨńĺŀĵƞŅĚȮőħĵĽŅĶĸŃĸŅĵŏĮƦĬĨńĺĝŃ
ıŅĨńĺŀĵƞŅĚœĮĭĬŐįƞĬȮTLC ŏĮƦĬĶŃĵŃĪŅĚȮ/4ȮŏĞĬĨŇŏĴĨĶȮěŅĔĬńŘĬĬņŐįƞĬȮTLC ŀŀĔĴŅȮ
&ľĸńĚěŅĔįƞŅĬœĮĮĶŃĴŅĦȮ/,1.ȮĝńŗĺőĴĚ'ȮŐĸŃĮĸƞŀĵŒľƟŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚȮ 
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5.5. ĽŏĮĶĵƢĽŅĶĸŃĸŅĵėŀĮŏĮŀĶƢĞńĸŏĲĨȮ&ĮĶŃĔŀĭœĮħƟĺĵȮ/.#Ȯw/v ėŀĮŏĮŀĶƢĞƟĸŏĲĨ, 3#Ȯw/v 
ŏĴĪŅĬŀĸȮŐĸŃȮ6#Ȯw/v ĔĶħĲŀĽĲŀĸŇĔȮĪňŗĸŃĸŅĵŒĬĬŘņĔĸńŗĬ'ȮĸĚĭĬŐįƞĬȮTLC ŒľƟĝŋƞĴĪńŘĚ
ŐįƞĬȮ 

5.6. ĮĸƞŀĵŒľƟŐįƞĬȮTLC ŐľƟĚĪňŗŀŋĦľĳŌĴŇľƟŀĚĮĶŃĴŅĦȮ/ȮĝńŗĺőĴĚȮěŅĔĬńŘĬĬņœĮŏįŅħƟĺĵĨŌƟŀĭĸĴĶƟŀĬ
ĪňŗŀŋĦľĳŌĴŇȮ/3.ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏĮƦĬŏĺĸŅȮ/3ȮĬŅĪňȮ 

5.7. ĩƞŅĵĳŅıŐįƞĬȮTLC ŐĸŃĬņœĮĺŇŏėĶŅŃľƢľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵőĮĶŐĔĶĴȮImageJ 
 
ĔȮ4 ĺŇŏėĶŅŃľŅĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢħƟĺĵőĮĶŐĔĶĴȮImageJ 

6.1. ŏĮƕħőĮĶŐĔĶĴȮImageJ ŐĸŃŏĸŊŀĔœĲĸƢĶŌĮĳŅıĕŀĚŐįƞĬȮTLC ĪňŗĨƟŀĚĔŅĶĺŇŏėĶŅŃľƢ 

 
 

6.2. œĮĪňŗŏĴĬŌȮimage ŐĸƟĺŏĸŊŀĔ type ŐĸŃ select 8 bit 
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6.3. ĮĶńĭĳŅıŒľƟıŊŘĬľĸńĚĽĺƞŅĚĕŉŘĬȮľŅĔĨƟŀĚĔŅĶĮĶńĭŏĽƟĬģŅĬĕŀĚőėĶĴŅőĨŐĔĶĴŒľƟŏĕƟŅŒĔĸƟȮ0 ŒľƟœĮ

ĪňŗŏĴĬŌȮProcess ȮŏĸŊŀĔȮsubtract backgroundȮŏĸŊŀĔ rolling ball radius = 250 pixels + 

light background + sliding paraboloid + previewȮŐĸŃĔħĨĔĸĚ 

 
 

6.4. ŏĸŊŀĔŒĝƟŏėĶŊŗŀĚĴŊŀȮrectangle toolȮŐĸƟĺŏĸŊŀĔŐĩĺĕŀĚĨńĺŀĵƞŅĚĪňŗėŋĦĨƟŀĚĔŅĶėņĬĺĦıŊŘĬĪňŗȮ

ěŅĔĬńŘĬĔħȮctrl+/ 
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6.5. ėņĬĺĦıŊŘĬĪňŗŒĨƟĔĶŅĲőħĵĔħȮctrl+3 őĮĶŐĔĶĴěŃŐĽħĚőėĶĴŅőĨŐĔĶĴĨńĺŀĵƞŅĚŐĸƟĺŏĸŊŀĔ

ŏėĶŊŗŀĚĴŊŀ straight tool ŐĸŃĺŅħŏĽƟĬĨĶĚŒĨƟěŋħĽŌĚĽŋħĕŀĚĨńĺŀĵƞŅĚĪňŗėŋĦĨƟŀĚĔŅĶľŅıŊŘĬĪňŗ 

 
 

6.6. ŏĸŊŀĔŏėĶŊŗŀĚĴŊŀȮwand tool ŐĸƟĺėĸŇĔĭĶŇŏĺĦĪňŗėŋĦĨƟŀĚĔŅĶľŅıŊŘĬĪňŗ 

 
 

6.7. ĽņľĶńĭėƞŅıŊŘĬĪňŗĕŀĚĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬŐĨƞĸŃėĺŅĴŏĕƟĴĕƟĬěŃŐĽħĚĭĬĔĶŅĲĪňŗ

ŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢȮ&ŐĔĬȮx) ŐĸŃıŊŘĬĪňŗŒĨƟĔĶŅĲȮ&ŐĔĬȮy) 

ĞŉŗĚěŃœħƟĽĴĔŅĶĴŅĨĶģŅĬȮěŅĔĬńŘĬȮıŊŘĬĪňŗĕŀĚĨńĺŀĵƞŅĚěŃĩŌĔėņĬĺĦŐĸŃŏĮĶňĵĭŏĪňĵĭőħĵŒĝƟ

ĽĴĔŅĶĴŅĨĶģŅĬĕŀĚĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 
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ĔȮ5ȮĺŇŏėĶŅŃľƢĮĶŇĴŅĦŏĞĶŅœĴħƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD 

7.1. ŏĨĶňĵĴĽŅĶĸŃĸŅĵĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħőħĵĝńŗĚĽŅĶĽĔńħľĵŅĭȮ.,/ ĔĶńĴȮĸĚŒĬľĸŀħĪħĸŀĚ

ĕĬŅħȮ25 × 150ȮĴŇĸĸŇŏĴĨĶȮĸŃĸŅĵŒĬĽŅĶĸŃĸŅĵįĽĴĶŃľĺƞŅĚėĸŀőĶĲŀĶƢĴ8ŏĴĪŅĬŀĸȮ&08/'ȮȮȮȮȮȮȮȮȮȮȮȮ

3ȮĴŇĸĸŇĸŇĨĶȮįĽĴŒľƟŏĕƟŅĔńĬőħĵŒĝƟŏėĶŊŗŀĚőŁőĴěňœĬŏĞŀĶƢĪňŗėĺŅĴŏĶŖĺȮ4...ȮĶŀĭĨƞŀĬŅĪňȮŏĮƦĬ

ŏĺĸŅȮ3ȮĬŅĪňȮ 

7.2. ĔĶŀĚĽŅĶĸŃĸŅĵįƞŅĬȮPTFE syringe filter ĕĬŅħȮ0.45ȮœĴőėĶŏĴĨĶȮŐĸƟĺĜňħĨńĺŀĵƞŅĚ

ĮĶŇĴŅĨĶȮ20ȮœĴőėĶĸŇĨĶŏĕƟŅĽŌƞŏėĶŊŗŀĚȮHPLC ĞŉŗĚŐĽħĚŒĬĳŅıĪňŗ 35 

7.3. ĽĳŅĺŃĪňŗŒĝƟĺŇŏėĶŅŃľƢŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħħƟĺĵŏĪėĬŇėȮHPLC-ELSD ŐĽħĚ

ħńĚĨƞŀœĮĬňŘ 

- ĝĬŇħėŀĸńĴĬƢȮnormal phase : Inertsil, SIL-100A 5um, 4.6 x 250 mm 

(Pralhada Rao et al.) 

- ŀŋĦľĳŌĴŇėŀĸńĴĬƢŐĸŃŏėĶŊŗŀĚĨĶĺěĺńħȮ  2.Ȯ ŀĚĻŅŏĞĸŏĞňĵĽ 

- ŀńĨĶŅĔŅĶœľĸĕŀĚŏĲĽŏėĸŊŗŀĬĪňŗȮ   0.8Ȯ mL/min 

- ŀńĨĶŅĔŅĶœľĸĕŀĚŐĔƠĽœĬőĨĶŏěĬȮȮ   2.45Ȯ L/min 

- ėĺŅĴħńĬĕĦŃŏĮƕħŐĔƠĽœĬőĨĶŏěĬŏĕƟŅĽŌƞħňŏĪėŏĨŀĶƢ 50Ȯ kPa 

- ĔŅĶĨńŘĚėƞŅĕĵŅĵĽńĠĠŅĦ    /Ȯ ŏĪƞŅ 

- ĔŅĶŏĔŖĭĽńĠĠŅĦĨńĺŀĵƞŅĚȮ&Filter)    10  s 

ĨŅĶŅĚĪňŗȮ4ȮĽńħĽƞĺĬŏĲĽŏėĸŊŗŀĬĪňŗĪňŗŒĝƟĽņľĶńĭĔŅĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮHPLC-ELSD 
 

ŏĺĸŅȮ
&ĬŅĪň' 

% ŏŁĔŏĞĬ %ȮėĸŀőĶĲŀĶƢĴ % ŏĴĪŅĬŀĸ 

0.01 100 0 0 

30.00 65 20 15 

80.00 40 40 20 

85.00 40 40 20 

90.00 100 0 0 
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7.4. ĬņıŊŘĬĪňŗŒĨƟĔĶŅĲěŅĔıňėĪňŗĮĶŅĔĢŒĬőėĶĴŅőĨŐĔĶĴĪňŗĴňĨņŐľĬƞĚȮretention time ĨĶĚĔńĭĽŅĶ

ĴŅĨĶģŅĬŏĞĶŅœĴħƢĴŅėņĬĺĦľŅĮĶŇĴŅĦŏĞĶŅœĴħƢőħĵŏĪňĵĭěŅĔĽĴĔŅĶĕŀĚĔĶŅĲĴŅĨĶģŅĬ

ĶŃľĺƞŅĚėĺŅĴŏĕƟĴĕƟĬĕŀĚĽŅĶĴŅĨĶģŅĬŏĞĶŅœĴħƢĔńĭıŊŘĬĪňŗŒĨƟĔĶŅĲȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ14 

7.5. ėņĬĺĦėĺŅĴŏĕƟĴĕƟĬĕŀĚŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭȮ&g/100 g Crude extract d.b.) ěŅĔ

ĽŌĨĶ 

ėĺŅĴŏĕƟĴĕƟĬĕŀĚŏĞĶŅœĴħƢȮ;Ȯ
ĮĶŇĴŅĦŏĞĶŅœĴħƢȮ&ĔĶńĴ'

ĬŘņľĬńĔĨńĺŐľƟĚĕŀĚĽŅĶĽĔńħľĵŅĭȮ&ĔĶńĴ'
ȮvȮ/.. 

 

 

ĳŅıĪňŗȮ11ȮŏėĶŊŗŀĚȮHPLC-ELSD ĽņľĶńĭĺŇŏėĶŅŃľƢĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢ 
 

 

ĳŅıĪňŗȮ12ȮĔĶŅĲĴŅĨĶģŅĬĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD  
 

y = ..866x0+ 235.87x -7232,0
R²Ȯ;Ȯ.,7773
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ĳŅėįĬĺĔȮĕ 
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ĳŅėįĬĺĔȮĕ 

ĶŅĵĸŃŏŀňĵħĺŇīňĔŅĶĪħĸŀĚŐĸŃįĸĔŅĶĪħĸŀĚ 

 

1. ĺŇŏėĶŅŃľƢĔŅĶŐĵĔĽƞĺĬĕŀĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴȮ&3-4ȮĺńĬ'ȮħƟĺĵĞŇĸŇĔŅŏěĸőħĵŒĝƟ

ĽŅĶĸŃĸŅĵȮȮŏŁĔŏĞĬŐĸŃŀŃĞŇőĨĬŒĬŀńĨĶŅĽƞĺĬĪňŗŐĨĔĨƞŅĚĔńĬ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĨńŘĚĪŇŘĚœĺƟȮ/.ȮĬŅĪň 

ŏĨŇĴĽŅĶĸŃĸŅĵȮ3ȮĴĸ, (ĶŀĭĪňŗȮ/) 

ĽŅĶĽĔńħľĵŅĭ 
ĮĶŇĴŅĦȮ0.1 Ĕ, 

ĞŇĸŇĔŅŏěĸȮ/ȮĔ, 

ĔĺĬĪňŗėĺŅĴŏĶŖĺĶŀĭȮ6..ȮĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅȮ/.ȮĬŅĪň 

ħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬ 

ŏĨŇĴĽŅĶĸŃĸŅĵȮ3ȮĴĸ, (ĶŀĭĪňŗȮ0) 

ĨńŘĚĪŇŘĚœĺƟȮ/.ȮĬŅĪň 

ĔĺĬĪňŗėĺŅĴŏĶŖĺĶŀĭȮ6..ȮĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅ/.ȮĬŅĪň 

ħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬ 

ŏĨŇĴĽŅĶĸŃĸŅĵȮ3ȮĴĸ, (ĶŀĭĪňŗȮ1) 

ĨńŘĚĪŇŘĚœĺƟȮ/.ȮĬŅĪň 

ĔĺĬĪňŗėĺŅĴŏĶŖĺĶŀĭȮ6..ȮĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅ/.ȮĬŅĪň 

ħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬ 

ŏĨŇĴĽŅĶĸŃĸŅĵŏŀĪŅĬŀĸȮ/.ȮĴĸ, 

ĨńŘĚĪŇŘĚœĺƟȮ/.ȮĬŅĪň 

ĔĺĬĪňŗėĺŅĴŏĶŖĺĶŀĭȮ6..ȮĨƞŀĬŅĪňȮŏĮƦĬŏĺĸŅ/.ȮĬŅĪň 

ħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬ 

ĽŅĶĸŃĸŅĵĽƞĺĬĪňŗȮ/ 

ĽŅĶĸŃĸŅĵĽƞĺĬĪňŗȮ0 

ĽŅĶĸŃĸŅĵĽƞĺĬĪňŗȮ1 

ĽŅĶĸŃĸŅĵĽƞĺĬĪňŗȮ2 
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2. ĺŇŏėĶŅŃľƢĔŅĶŐĵĔĽƞĺĬĕŀĚĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴȮ&3-4ȮĺńĬ'ȮħƟĺĵĞŇĸŇĔŅŏěĸőħĵŒĝƟ
ĽŅĶĸŃĸŅĵŏŁĔŏĞĬ 

 
 

 
 
 
 
 
 
 
 
 
 

ĨńŘĚĪŇŘĚœĺƟȮ/.ȮĬŅĪň 

įĽĴħƟĺĵŏėĶŊŗŀĚŀńĸĨĶŅőĞĬŇĔȮ/.ȮĬŅĪň 

ĽŅĶĽĔńħľĵŅĭ 
ĮĶŇĴŅĦȮ0.5 Ĕ, 

ĽŅĶĸŃĸŅĵŏŁĔŏĞĬȮ3Ȯ
Ĵĸ, 

ĽƞĺĬĪňŗœĴƞ
ĸŃĸŅĵ 

ĽƞĺĬĪňŗĸŃĸŅĵ 
(ĽŅĶĸŃĸŅĵȮ3ȮĴĸ,' 

ĞŇĸŇĔŅŏěĸȮ
&.,03*.,3*/,.*/,3ȮĔ,' 

ĔĺĬĪňŗėĺŅĴŏĶŖĺĶŀĭȮ6..ȮĨƞŀĬŅĪňȮőħĵŒĝƟŐĪƞĚŐĴƞŏľĸŖĔȮŏĮƦĬŏĺĸŅȮ1.ȮĬŅĪň 

ħŌħŐĵĔĽŅĶĸŃĸŅĵħƟŅĬĭĬ ĞŇĸŇĔŅŏěĸħƟŅĬĸƞŅĚĬņœĮĽĔńħħƟĺĵȮ
Soxhlet ħƟĺĵȮEthyl acetate 
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ĳŅıĪňŗȮ13ȮĳŅıĩƞŅĵĕŀĚŐįƞĬȮTLC ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĨńĺŀĵƞŅĚĽŅĶĽĔńħěŅĔŏľŖħ 
(* = ĽƞĺĬĪňŗœħƟěŅĔĔŅĶĬņĽŅĶĸŃĸŅĵȮ&1) ĴŅĔĺĬħƟĺĵĞŇĸŇĔŅŏěĸ, ** = ĽƞĺĬĪňŗœĴƞĽŅĴŅĶĩĸŃĸŅĵŒĬ

ĽŅĶĸŃĸŅĵŏŁĔŏĞĬ, *** = ĽƞĺĬĪňŗœħƟěŅĔĬņĞŇĸŇĔŅŏěĸœĮĽĔńħħƟĺĵŏėĶŊŗŀĚȮSoxhlet) 
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ĳŅıĪňŗȮ36 őėĶĴŅőĨŐĔĶĴĕŀĚŏĸĞŇĪŇĬŐĸŃĔĶħĸŇőĬŏĸŀŇĔĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟĺĵȮHPLC-ELSD 
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ĳŅėįĬĺĔȮė 
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ĳŅėįĬĺĔȮė 

ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĽĩŇĨŇ 

 

 ĬņĕƟŀĴŌĸĪňŗœħƟěŅĔľŅĶĪħĸŀĚĴŅĺŇŏėĶŅŃľƢėĺŅĴŐĮĶĮĶĺĬȮ&ANOVA, Analysis of Variance'Ȯ

őħĬőĮĶŐĔĶĴȮSPSS (Statistics Package for the Social Science) ĶŋƞĬȮSPSS 18.0 for Windows 

ŒĬĔŅĶĺŇŏėĶŅŃľƢįĸĪňŗĶŃħńĭėĺŅĴŏĝŊŗŀĴńŗĬȮ73ȮŏĮŀĶƢŏĞŖĬĨƢȮŐĸŃŏĮĶňĵĭŏĪňĵĭėƞŅŏĜĸňŗĵħƟĺĵĺŇīňȮDuncan  

ANOVA 

ĮĶŇĴŅĦĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħľŌľĬŌȮŏľŖħĲŅĚȮŏľŖħĬŅĚĲƚŅȮŐĸŃŏľŖħĬŅĚĶĴ 

 Sum of Squares df Mean Square F Sig. 
Between Groups 409.206 3 136.402 2532.475 .000 
Within Groups .431 8 .054   
Total 409.636 11    

 

Bsla_l_ 

Type N 
Subset for alpha = 0.05 

1 2 3 

ŏľŖħľŌľĬŌ 3 .8651   
ŏľŖħĬŅĚĲƚŅ 3  7.2025  
ŏľŖħĬŅĚĶĴ 3  7.2164  
ŏľŖħĲŅĚ 3   17.1814 

Sig.  1.000 .944 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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ANOVA 

ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħȮ4 ĝĬŇħ 

 
 

Sum of 
Squares 

df 
Mean 
Square 

F Sig. 

GlcCER content 
(g/100g crude 
extract) 

Between Groups .515 3 .172 15.949 .002 
Within Groups .075 7 .011   
Total .590 10    

GlcCER content  
(g/100g dry 
mushroom) 

Between Groups .108 3 .036 342.449 .000 
Within Groups .001 7 .000   
Total .109 10    

 

Bsla_l_ 

GlcCER content (g/100g crude) 

Type N 

Subset for alpha = 0.05 

1 2 

ŏľŖħľŌľĬŌ 3 1.6356  
ŏľŖħĬŅĚĲƚŅ 3 1.6919  
ŏľŖħĲŅĚ 3 1.7614  
ŏľŖħĬŅĚĶĴ 3  2.1803 

Sig.  .220 1.00 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.667. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. 

Type I error levels are not guaranteed. 
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GlcCER content (g/100g dry mushroom) 

Type N 

Subset for alpha = 0.05 

1 2 3 4 

ŏľŖħľŌľĬŌ 3 0.014    
ŏľŖħĬŅĚĲƚŅ 3  .1218   
ŏľŖħĬŅĚĶĴ 3   .1574  
ŏľŖħĲŅĚ 3    .3026 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.667. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. 

Type I error levels are not guaranteed. 
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ANOVA 

ėƞŅŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňőħĵĮĶŃĴŅĦĕŀĚŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ 

 
 

Sum of 
Squares 

df 
Mean 
Square 

F Sig. 

Moisture content 
(fresh mushroom) 

Between Groups .374 2 .187 1.014 .418 
Within Groups 1.107 6 .184   
Total 1.480 8    

Moisture content 
(dry mushroom) 

Between Groups .021 2 .010 .113 .895 
Within Groups .551 6 .092   
Total .752 8    

Protein content Between Groups 25.659 2 12.829 25.738 .001 
Within Groups 2.991 6 .498   
Total 28.650 8    

Ash content Between Groups .684 2 .342 4.895 .055 
Within Groups .419 6 .070   
Total 1.104 8    

Lipid content Between Groups .005 2 .003 .055 .947 
Within Groups .279 6 .046   
Total .284 8    

 

 

 

 

 

 

 



  78 

 

Bsla_l_ 

Moisture content (fresh mushroom) 

Type N 

Subset for alpha = 0.05 

1 
3-4 day 3 90.8200 
1-2 day 3 91.1333 
5-6 day 3 91.2133 

Sig.  .223 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Moisture content (dry mushroom) 

Type N 

Subset for alpha = 0.05 

1 

1-2 day 3 6.7800 
5-6 day 3 6.8800 
3-4 day 3 6.8833 

Sig.  .700 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Protein content 

Type N 
Subset for alpha = 0.05 
1 2 

5-6 day 3 19.0033  
3-4 day 3  21.9233 
1-2 day 3  23.0000 

Sig.  1.000 .111 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Ash content 

Type N 
Subset for alpha = 0.05 
1 2 

5-6 day 3 7.4433  
3-4 day 3 7.9633 7.9633 
1-2 day 3  8.0767 

Sig.  .053 .618 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Lipid content 

Type N 

Subset for alpha = 0.05 

1 

3-4 day 3 1.4867 
5-6 day 3 1.5033 
1-2 day 3 1.5433 

Sig.  .765 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

ANOVA 

ĮĶŇĴŅĦĽŅĶĽĔńħľĵŅĭĕŀĚŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ 

 Sum of Squares df Mean Square F Sig. 
Between Groups ,1.5 0 ,/32 /,157 ,100 
Within Groups ,446 4 ,///   
Total ,753 6    

 

Bsla_l_ 

Type N 
Subset for alpha = 0.05 

1 

5-6 day 3 6.4367 
1-2 day 3 6.5800 
3-4 day 3 6.8800 

Sig.  .167 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000 
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ANOVA 

ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭěŅĔŏľŖħĬŅĚĶĴĪńŘĚȮ1ȮĝƞĺĚŀŅĵŋ 

 
 

Sum of 
Squares 

df 
Mean 
Square 

F Sig. 

GlcCER content 
(g/100g crude 
extract) 

Between Groups .089 2 .045 .830 .481 
Within Groups .322 6 .054   
Total .411 8    

GlcCER content  
(g/100g dry 
mushroom) 

Between Groups .000 2 .000 .316 .741 
Within Groups .003 6 .000   
Total .003 8    

 

Bsla_l_ 

GlcCER content (g/100g crude) 

Type N 

Subset for alpha = 0.05 

1 

5-6 day 3 2.6567 
1-2 day 3 2.7400 
3-4 day 3 2.8967 

Sig.   

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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GlcCER content (g/1g dry mushroom) 

Type N 

Subset for alpha = 0.05 

1 

5-6 day 3 .1767 
1-2 day 3 .1833 
3-4 day 3 .1900 

Sig.  .471 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

ANOVA 

ĮĶŇĴŅĦĔĸŌőėĞŇĸŏĞĶŅœĴħƢŒĬĽŅĶĽĔńħľĵŅĭȮ&ĔĶńĴ'ȮĨƞŀĞŇĸŇĔŅŏěĸȮ&ĔĶńĴ'ȮŒĬŀńĨĶŅĽƞĺĬĨƞŅĚŕȮ 

  Sum of Squares df Mean Square F Sig. 

Solvent Between Groups 11065852.33 3 3688617.444 254.192 .000 
Within Groups 116089.333 8 14511.167   
Total 11181941.67 11    

Silica gel Between Groups 7671678.333 3 2557226.111 128.560 .000 
Within Groups 159130.667 8 19891.333   
Total 7830809.000 11    

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Bsla_l_ 

Solvent 

Type N 
Subset for alpha = 0.05 

1 2 3 4 

1.0:2.0 3 .00    
1.0:1.5 3  756.67   
1.0:1.0 3   1089.67  
1.0:0.5 3    2637.00 
Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Silica gel 

Type N 
Subset for alpha = 0.05 

1 2 3 
1.0:0.5 3 1673.33   
1.0:1.0 3 1929.33   
1.0:1.5 3  2688.67  
1.0:2.0 3   2650.67 
Sig.  .057 1.000 1.000 



 

ĮĶŃĺńĨŇįŌƟŏĕňĵĬ 
 

ĮĶŃĺńĨŇįŌƟŏĕňĵĬ 
 

ĝŊŗŀ-ĽĔŋĸ ĺĶĶĦĶńĨĬƢ ŏěňŗĵŏěĶŇĠ 
ĺńĬȮŏħŊŀĬȮĮƖȮŏĔŇħ 1 ĨŋĸŅėĴ 2539 
ĽĩŅĬĪňŗŏĔŇħ ĬėĶĮģĴ 
ĺŋĥŇĔŅĶĻŉĔļŅ ı.Ļ.2561 ĽņŏĶŖěĔŅĶĻŉĔļŅĮĶŇĠĠŅĺŇĪĵŅĻŅĨĶĭńĦĤŇĨ ĽŅĕŅĺŇĝŅŏĪėőĬőĸĵň

ŀŅľŅĶ ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėğĬğĸĵňŀŋĨĽŅľĔĶĶĴ ĴľŅĺŇĵŅĸńĵ
ĻŇĸĮŅĔĶ  
ı.Ļ. 2562 ĻŉĔļŅĨƞŀŒĬĶŃħńĭĮĶŇĠĠŅĴľŅĭńĦĤŇĨ ĽŅĕŅĺŇĝŅŏĪėőĬőĸĵň
ŀŅľŅĶ ėĦŃĺŇĻĺĔĶĶĴĻŅĽĨĶƢŐĸŃŏĪėğĬğĸĵňŀŋĨĽŅľĔĶĶĴ ĴľŅĺŇĵŅĸńĵ
ĻŇĸĮŅĔĶ 

ĪňŗŀĵŌƞĮƤěěŋĭńĬ 560 ĩĬĬ 25 ĴĔĶŅ Ĩ.ĭƞŀıĸńĭ ŀ.ŏĴŊŀĚ ě.ĬėĶĮģĴ 73000 
įĸĚŅĬĨňıŇĴıƢ ĺńĬĪňŗ 25 ĴŇĩŋĬŅĵĴ ı.Ļ.2564 œħƟŏĕƟŅĶƞĺĴĬņŏĽĬŀįĸĚŅĬĺŇěńĵ/ĚŅĬĽĶƟŅĚĽĶĶėƢ 

ŒĬőėĶĚĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĭńĦĤŇĨĻŉĔļŅĶŃħńĭĝŅĨŇ ėĶńŘĚĪňŗ 11 ŏĶŊŗŀĚĺŇěńĵŐĸŃ
ĬĺńĨĔĶĶĴŏıŊŗŀŏĨĶňĵĴėĺŅĴıĶƟŀĴĶńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚ ŒĬľńĺĕƟŀ "ĔŅĶ
ĽĔńħĔĸŌőėĞŇĸŏĞĶŅœĴħƢěŅĔŏľŖħĔŇĬœħƟ"   
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