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2.1
Centella asiatica (Linn.) Uran  Asiatic 

pennywory, Indian pennywort, Tiger herbal , Gotu Kola, Antanal, Pegaga, Kula kud, Tia Kum 

Chao, Magic herbal  Bua Bok ( )  Centella  Apiaceae 

 ( )

 ( )  ( )  ( )  (

) (Sapkoet, 2007) 

 2.1 

 3  6  5 

 2.5 

 ( , 2551)

 2.1
: Hengsawas (2004)
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 (Apichartsrangkoon et al., 2009) 

 ( , 2550) 

2.1.1

 1.

 Kaempferol-3-glucoside  Quercetin-3-glucoside 

 (flavone derivatives)  (Prum et al., 1983)  

 2.

 20  glutamate, 

serine  alanine 

(Geroge and Gnanarethinan, 1975) 

 3.

 5  pentadeca-2-9-diene-4,6-

diyne-1-ol acetate, 3,8-diacetoxypentadeca-1,9-diene-4,6-diyne, 3-hydroxy-8-acetoxy-pentadeca-

1,9-diene-4,6-diyne, 3-hydroxy-10-acetoxy-pentadeca-1,8-diene-4,6-diyne  Pentadeca-1,8-

diene-4,6-diyne-3,10-diol (Tang and Eisenbrand, 1992) 

 4.

 2 

 4.1 Mono-sesquiterpene compounds 

-pinene, -pinene, myrcene, -terpinene, bornyl acetate, -copaene,

-elemene, -caryophyllene, trans- -farnesene, germacrene-D  bicycloelemene 

4.2 Triterpene compounds 

Triterpene compounds 

 2 

 (0.5-3.5 mg/mL)  (0.5-4.0 mg/mL)       



5

 (0.5-3.5 mg/mL)  (0.5-2.5 mg/mL) (Inamdar et al.,

1996)  (R1:H, R2: - -

D-glc-(6-1)- -D-glc-(4-1)--L-rha)  (R1:H, R2:H)  (R1:OH, R2:-

-D-glc-(6-1)-  -D-glc-(4-1) --L-rha)  (R1:OH, R2:H)  2.2

 2.2
: Brinkhaus et al. (2000) 

           

5.

 50 

 2-3 

 (strong reducing agent) 

 L-ascorbic acid 
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 D-ascorbic acid 

L-ascorbic acid  dehydro-L-ascorbic acid 

 dehydro-L-ascorbic acid  diketo-L-gulonic acid 

 2.3 

 (ascorbic acid oxidase) 

 3 

 (reduce form)  (oxidized 

form) 

 ( , 2549) 

                L-ascorbic acid     Dehydro-L-ascorbic acid               Diketo-L-gulonic acid 

 2.3
:  (2549)

6.
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 2 

 (xanthophylls) 

 (isoprene) 

 ( -carotene)  2.4 

 (lycopene) 

 2.4 
:  (2549)

 7 

 (cis)  (trans) 

 1-2 

 ( , 2552) 

7.
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 (prophyrin)  (pyrrole ring) 4 

 2 

 3  1 

 3  2.5 

 (chlorophyll a) 

 (chlorophyll b) 

 2.5 
: Wageningen University (2010)

 (diester) 

 (-COOH) 

 (phytyl alcohol)  7  10 

 (chloroplasts) 

 (lipoprotein) 
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 (chloropyhllase) 

 (phytol) 

 (chiorophilide) 

 60-82.2

 100

 (pheophytin) 

 (pH) 

 (pH 9.0) 

 (pH 3.0) 

 2.6 

 ( , 2552) 
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 2.6
: Wills et al. (1998) 

8.

 8,000  

 10  (flavonoids)  (lignans)             

 (stilbenes)  (coumarins)  (tannins) 

 2.7 

 (Sapkoet, 2007) 

 (polyphenol 
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oxidase; PPO)  (quinone) 

 (polymerization)  ( , 2542) 

 (Duthie et  al., 2000)

 2.7
: Dzyubak (2007) 

flavone/ flavonol 

 quercetin = OH : 3, 5, 7, 3', 4' 

 kaempferol = OH : 3, 5, 7, 4' 

flavanone/ flavanonol 

 taxifolin = OH : 3, 5, 7, 3', 4' 

 naringenin = OH : 5, 7, 4' 

flavanol

 catechin = OH : 3, 5, 7, 3', 4' 

anthocyanidin

 cyanidin = OH : 3, 5, 7, 3', 4' 
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2.1.2

 (rheumatism) 

 (Jaganath and Ng, 1999) 

 (Anonymous, 2004) 

 (Brinkhaus et al., 2000)  

 triterpenoid 

 triterpenoid 

 (2547) 

 50 

 superoxide dismutase (SOD)  catalase 

glutathione peroxidase (GSHPx)  (Jayashree et al.,  2003)  Cheng and Koo 

(2000)

 Chang et al. (1977)  ethanol  solvent 

 ethanol 

 ethanol 

 (venous insufficiency)  (striae gravidarum) 

 (wound healing) (Barbosa et al.,

2008) 
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 (ulcer-protective) 

(immunomodulatory effect)  (psychoneuropharmacological 

effect)  (neuroprotective effect)  ( , 2549) 

 (Boiteau et al., 1949) 

 (Vogel et al., 1990) 

(Manuel and Eduardo, 1976)  (anti-inflammatory) 

 (Si-Qi and 

Huei-Fang, 1981) 

 (2550) 

-

 25  40

 40  25

5  (2550) 

400 500  600 MPa   30 40  50  20   40 

 ( .

163/2552)  600 MPa  50  40 

 4

 90  15 

 HPLC 

 3.80 4.49 1.66 2.69 4.77  2.50 
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 (p<0.05)  (Wongfhun et al., 2009 ) 

 Total phenol assay 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging activity assay  2, 2-azino-bis (3-ethylbenzo-6-

thiazoline-sulfonic acid) (ABTS) radical scavenging activity assay 

 Oxygen radical absorbance capacity (ORAC) assay 

 (p<0.05) 

( , 2550) 

2.2
2.2.1
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2.2.2
 3 

1.

 ( m)

 1  1  1,000 

 0.5-2.0 × 2.0-10 

 2.8 

 2.8 
:  (2546) 

 100

 6 

 30 

 1  2  1 
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 10 

Pseudomonas Acinetobacter Moraxella Alcaligenes Flavobacterium

 (protease) 

 (amine)  (phenol) 

 (indole)  (mercaptan) 

2.

Saccharomyces cerevisiae  2.9 

 77

 2.9 Saccharomyces cerevisiae 

:  (2546) 
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Saccharomyces rouxii Shizosaccharomyces octosporus 

Hansenula, Saccharomyces Torelopsis

3.

(Penicillium)  (Aspergillus)  (Rhizopus)  2.10 

 (transeliminase)  (esterase) 

 (cellulase) 

(protease)  (amylase) 

Aspergillus, Penicillium, Rhizopus, Cladosporium, Furasium Mucor

 Xeromyces biosporus 

 (

, 2546) 
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 2.10 
:  (2546)

2.3
 (sugar cane) 

 60%  (beet root) 

 40% (Yudkin, 1971) 

 (

)

2.3.1
1.

2.

 70%  30% 

 ( , 2543)

3.
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 ( , 2525) 

 ( ,

2532)

4.

66.4%  20  76.4%  70  100

 82% ( , 2543)

5.

 ( ,  2525) 

6.

 20  ( , 2543)

 ( Brix Bx)

 (hand refractometer)

 (Baume, Be )  M-M/S 

  M    =   145 ( )

  M    =   144.3 ( )

  S     =   

7.

 (amorphous) 

 co-solute 

 Tg (glass transition temperature) 
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8.

 1012 Pa.s 

 (glass transition) 

 (Roos and Karel, 1991) 

9.

 (high methoxyl pectin)  dehydration 

agent

 hydrophobic 

interaction

2.4
 2.4.1 

 ( , 2547)  Le Chatelier 

 (

)

 (Leadley and Williams, 1997) 

 ( , 2549) 

 300-700 MPa (Phua and Davey, 

2007)
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 (Chapleau et al., 2006) 

 4%  100 MPa 7%  200 MPa  11.5%  400 

MPa  22  1,000 MPa 

( , 2545) 

   

   

 620  400 MPa 

( , 2545) 

2.4.2

 (nonthermal process) 

 (pressurization)  adiabatic heat  (

3  100 MPa) 
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 ( , 2551) 

2.4.3
 log phase 

 stationary 

death phase  300-600 MPa 

 (vegetative cells) 

350 MPa  30  400 MPa  5 

 10 

 (Knorr, 1995) 

Houska et al. (2006)  500 MPa  10 

 1 x 105 CFU/mL 

 Salmonella 

30  Voldich et al. (2004)

Talaromyces avellaneus  200 MPa  17  60 

 106 CFU/mL  10 CFU/mL 

2.4.4

 succinate formate  malate dehydrogenase 

 100 MPa  15 

-

 (Hoover et al.,1989)  Krebbers et al.

(2003)  700 MPa  90  30 
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Bacillus stearothermophilus  4.5 log CFU/mL 

 polygalacturonase  pectin methylesterase  99% 

 lycopene 

 40%

2.4.5

 4 

 (Heremans, 1995) 

 (covalent bond) 

 (hydrogen bond) 

 (globular shape) 

 (Silva and Weber, 1993) 

2.4.6

 10-50 

 15 

( , 2545)

2.4.7
Lopez-Malo et al. (1998) 

 345-689 MPa  10-30 a*
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 689 MPa 

 Gow and Hsin (1996)  600 

MPa  88-90  24 

 10 CFU/mL 

 Paris (1998) 

500-700 MPa 

 50  60

gas chromatography  Donsi et al. (1996) 

 gas chromatography 

 (terpinene)  (cymene)  (linalool) 

 (myrcene)  Yen and Lin (1999) 

gas chromatography  mass spectrometry  600 MPa 

 25  15  4  25

 (p>0.05)  4  30 

 200 MPa  25  5 

Escherichia coli, Penicillium sp., Saccharomyces cerevisiae, Listeria 

plantarum Listeria mesenteroides  Tahiri et al. (2006) 

 350 MPa  5 

 40 Staphylococcus aureus  E. coli 0157:H7  (Bayindirli et

al., 2006)  

600 MPa  50  40  1 CFU/mL 

   90

15  4
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 4  ( , 2550) 

2.5

 ( , 2547) 

 2.5.1 

1.

 2  100%  25-50% (

, 2547)

2.  25% 

 3. 

 (

, 2547)

   4. 
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( , 2547)  (2543) 

 25%  15  18% 

 0.10  0.13%  0.13 

0.16%

 15% 

 10 13  15% 

 13% 

2.5.2

  1. 

 (evaporation) 

 ( , 2539) 

2.

 ( , 2539) 

3.

 (evaporation) 

 (membrane process)  (osmosis) 

 (reverse osmosis)  (ultrafiltration) (Ramteke 

et al., 1993)  (freeze concentration) 
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 (Fellows, 1998) 

2.6
2.6.1

 (vaporization) 

 (condensation) 

 (evaporation) 

 0-100

1

 ( , 2545 ) 

2.6.2

 (solvent)  (solute) 



28

 (freezing)  (sterilization) 

2.6.3
 2 

 1.  (vacuum evaporator) 

 304

 1,000 

 2.  (steam trap) 

2.6.4
1.

-

-

2.

-

-

3.

-

-
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4.

-

-

5.

-

-

6.

-

-

-

-

-

(vacuum evaporation)

 (
, 2539)

2.6.5
 (2553) 

 3  50 60  70
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 (p<0.05)  50

 (120 )  60  70

 (75  65 )  70

 Hernandez et al. (2009) 

 30%  essential oil  90%  ethyl acetate  ethyl 

butylate  ester  50% 

 (36-40 )

 (2547) 

 50% 

 2  2 

 4-6  28-30

6  60 

 0.1%  0.1% 

 5-13  (2549) 

 83.27  130 

 30.35  (L a* b*)

 (p<0.05)

(2553) 

 (L* C*  h) 

 0.85-2.32  64.8-

81.88%  670.6-891.50 
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 9-

point hedonic scale 


