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      Determination of the changes of aromatic coconut (Cocos nucifera Linn) was done 
on 180, 190 and 225 days after full bloom coconut fruit from orchard areas in Ratchaburi and 
Samutsakorn. The more mature fruit showed the higher thickness and weight. Total soluble 
solid and total sugar contents were the highest at 190 days. Glucose was the major sugar in 
coconut water, 41.96% of total sugar and followed by fructose and sucrose. The total 
phenolics content and antioxidant capacity with TEAC and DPPH radicals scavenging are the 
highest in 190 days aromatic coconut fruits. The 225 days fruits showed the the maturity 
stage of fruits, the lauric acid, myristic acid, capric and caprylic acid about 76% of total fatty 
acids or 5780 mg/100 g. And makapuno between 210 and 240 days after pollination from 
Prachuapkhirikhan and Samutsakorn showed the thickness and weight have higher with 
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sugar and followed by glucose and fructose. And the mature fruits had a lower content of 
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content of total fat, the lauric acid, myristic acid, capric and caprylic acid about 80% of total 
fatty acids (2489 mg/100 g). And this stages of fruits had higher of fiber than coconut for 
coconut milk and aromatic coconut, that the mature fruits had a higher content of fibers. 
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 1 

1.1

(Cocos nucifera Linn.)

 ( , 2548) 

 (saturated fat) 

 (Snowdon 

, 2003)   

(aromatic coconut)  (makapuno) 

 ( , 2548; Snowdon , 2003; Nevin  Rajamohan, 2004) 

( , 2546) 

 (medium chain) 

 (Snowdon 

, 2003)



2

(Marten, Pfeuffer  Schrezenmeir, 2006) 

gallic acid, epigallocatechin  syringic acid 

 (Seneviratne, Hapuarachchl  Ekanayake, 2008) 

1.2

1.2.1

1.2.2

1.3



3

1.4

 1.4.1 

 3 

 180  ( ) 190  ( )

 225  ( )  2 

. . . .

. .  210  240 

 1.4.2 

 1.4.1 

 1.4.3 

 1.4.1

 1.4.4 

 1.4.1  DPPH (1,1-diphenyl-2-

picryhydrazyl) scavenging capacity  TEAC (Trolox Equivalent Antioxidant Capacity) 

assay

 1.4.5  

 1.4.1
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 2 

2.1

Cocos nucifera Linn.

 ( , 2541) 

 ( , 2541)  

 (exocarp)  (mesocarp) 

(endocarp)  2 

(solid endosperm)  (liquid endosperm) (  1) 

 over maturity 

 ( , 2541) 

 2 

-
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( , 2541)  2 

1  ( )

 ( )

:  (2553)

2.1.1

-

 (  2) 

( -galactocidase)

 (Exocarp) 

(Mesocarp) 

(Solid endosperm)

(Endocarp)

 (Liquid endosperm) 

Active eye 



6

 ( , 2551) 

 2 

:  (2547) 

(polysaccharides)  (dietary fiber) 

 ( , 2547) 

 (fat replacer) 

 binder agent  (Aroldi, 2004) 



7

 2.1.2 

 170-200 

 (

, 2551) 

2.2

 2004 Jackson 

 4 

 3 

 180  6-

6.6  7-8 

 190-200 

( , 2546) 
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20  1 

 180 

 (Azeez, 2007) 

 (Snowdon , 2003)

2.3

 (  1)  (Snowdon 

, 2003) 

 Snowdon  (2003) 

 (medium chain) 

 12  14 

 (Marten , 2006) 

. . 2000 

. . 2001 
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 (Snowdon , 2003)   Nevin 

Rajamohan (2004)    (virgin coconut oil) 

  LDL (low density lipoprotein)  VLDL (very low density 

lipoprotein)

 HDL (high density lipoprotein) 

 1  Green dwarf  (  100    

)

 ( ) 16 77 22 389 326 

 ( ) NA 1.4 0.3 3.5 4.4 

 ( ) NA 3.6 0.2 39 32.3 

 ( ) 4.1 10 5 4 5 

 ( ) 0 0.7 0 7.5 1.7 

 ( ) NA 257 310 360 280 

 ( ) NA 1 1.1 1.1 1.8 

 ( ) NA 6 2 2 1 

NA  not analyzed 

: Snowdon  (2003) 

 2.3.1 

 ( , 2546) 

 (Food and agricultural 

organization, FAO) 

 (oral rehydration) 
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 (electrolyte minerals) 

 (urinary output) (FAO, 1998) 

 (sodium 

potassium pump) 

 (sport drink) 

 ( , 2546) 

 isotonic drinks  (electrolytic balance) 

 (Richter , 2005) 

 (FAO, 1998) 

2.3.2

 90 

 8  14  (C8:0)  (C10:0)

 (C12:0)  (C14:0) ( , 2548)

 50 

 (C16:0)  (C18:1)  ( , 2548) 

1.

 (medium chain) 

 10  20  (Mary, 

2004) -

 (monolaurin) Neiman (2009) 
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Listeria monocytogenes  Stracchino cheese  

 2  

Listeria monocytogenes  1.4 

 (Stecchini , 2002) 

 (Doores, 1993) 

 (Stecchini ,

2002)

 2. 

 (C8:0– C14:0)

 ( )

 (thermogenesis) -

 (hyperthyroid) 

 (active) 

2.4

2.4.1

 (Harborn, Baxter 

Moss, 1999)

 4 

  1.  (hydroxylated derivatives) 

 (phenolic acids) 
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       (side 

chain)  1  (C6-C1)  (p-hydroxybenzoic)

 (vanillic)  (gallic) 

 3  (C6-C3) -

 (p-coumaric acid)  (caffeic acid)  (ferulic acid) 

(Bravo,1998)

  2.  (coumarins)  (C6-C3)

 C3  (oxygen heterocycle) 

 (glucoside)

  3. 

 15  C6-C3-C6  2 

 3  (hetero -

cyclic ring) (Blasundram, Sundram  Samman, 2006) 

 C3  (flavone) 

 (flavonol)  (flavanol)  (anthocyanidin)  (Hollman 

 katan, 1999)

  4.  (polyphenolic tannin)  (lignin) 

 3 

 4.1  (hydrolysable tannins) 

  4.2  (condensed tannin) 

 4.3 

 (epigallocatechin)  (syringic acid) (Seneviratne , Hapuarachchl 
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 Ekanayake, 2008) 

  1.  (chelating agent) 

  2. 

 (hydrogen donor) 

   3.  (regenerate) -

 ( , 2549) 

2.4.2

 (Amarowicz , 2004) 

 (ortho-)  (para-) 

 (meta-) 

 (-COOH) 

 ( , 2549) 

 (  2) 

 (degree of hydroxylation) 

 3 

 3  5  (methoxyl 

group)
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 2

      Trolox     

     (Trolox Equivalent Antioxidant Capacity, TEAC) 

 -OH TEAC (mM)* 

Gallic acid  3,5,7 3.01+0.05 Phenolic acid 

Syringic acid 3,5-diOMe,4-OH 1.36+0.01 Phenolic acid 

Ferulic acid 3-OCH3,4-OH 1.90+0.02 Phenolic acid 

Caffeic acid 3,4 1.26+0.01 Phenolic acid 

Phydroxybenzoic acid 2 0.04+0.01 Phenolic acid 

Catechin 3,5,7,3',4' 2.40+0.05 Flavan-3-ol 

Epicatechin 3,5,7,3',4' 2.50+0.02 Flavan-3-ol 

Epigallocatechin 3,5,7,3',4',5' 3.80+0.06 Flavan-3-ol 

*  (2549) 

 (antioxidant capacity) 

 (electron transfer) 

 1.  TRAP  ABTS ABAP  AAPH, 2,2’-azobis (2-

amidopropane)

 ABTS  ABTS
•+

 (2,2-azino-bis(3-ethylbenzo 

thiazoline-6-sulphonic acid)  660 734 

 820  ABTS
•+
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 ABTS
•+

 ABTS
•+

 Trolox
TM

 (6-hydroxy-2,5,7,8 tetramethyl -chroman-2-carboxylic acid) 

 2.  ORAC 

-phycoerythrin ( -PE)  ABTS
•+

-PE

 565  540  

-PE 

 AAPH  (ROO
•
) -

-PE  (  2) 

-PE (  3  4) 

R-N=N-R  N2 + 2 ROO
•
  (1) 

ROO
•
 + -PE  ROOH +  oxidized- -PE (2) 

ROO
•
 +     AH  ROOH + A

•
  (3) 

ROO
•
 +     A

•
  ROOA    (4) 

 ORAC 

 Trolox
TM

Trolox

 ( -

( ) ( )

( )
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)

 3.  FRAP 

 Fe
3+

-TPTZ (ferric triazine) 

 Fe
2+

-TPTZ

 593 

 TEAC  FRAP 

 4-5 

 595 

 FRAP 

 4.  DPPH  DPPH
•
 (2,2-diphenyl-

1-picryhydrazyl radical)  hydrogen radicals  DPPH
•

 515  DPPH
•

 hydrogen radical 

 (Brand-William, 1995) 

 DPPH
•

 DPPH
•

 3 

 DPPH
•

 5.  TEAC (Trolox equivalent antioxidant capacity) 

 ABTS
•+
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 Trolox  1 

 ABTS
•+

 5 -

 ABTS
•+

ABTS  Fe
3+

-TPTZ

( , 2549)
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 3 

3.1

3.1.1

  (Cocos nucifera Linn ; Aromatic coconut)

. . . .  3 

-  180 

 6-6.6

 -  190 

 7-8 

 -  225 

 7 

 30 

 3  1  2551  2  2552

 3  2552
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3.1.2

 (Cocos nucifera Linn ; Makapuno) 

. . . .  2 

  -  210 

 -  240 

 210 

 210 

 30 

 2 

 1  2552  2  2553 

3.1.3

 (Cocos nucifera Linn) -

. .  240 

 (sprouted coconut)  active eye 

(  1)  1-1.5  30  2 

 1  2552  2  2553 

. .

3.1.4

 3.1.4.1  4 

 (  BP 221S Sartorius, Germany)

 3.1.4.2  (exocarp  mesocarp) 

 (liquid endosperm) 



20

 3  (  3) 

 3.1.4.3  1  500 

 5x5 

  -18  2 

 3

3.2

  3.2.1  (Merck KGaA., Germany) 

  3.2.2  (Merck KGaA., Germany) 

  3.2.3  (RCI Labscan Ltd., Thailand) 

  3.2.4  (Merck KGaA., Germany) 

  3.2.5  (Millinckrodt Baker, Inc., USA) 

 (stem) 

 (tail) 

(hitting point)

 1 (first face) 

 2 

(second face)

 3 (third face) 

 1  2  

 3
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  3.2.6  (Millinckrodt Baker, Inc., Thailand) 

  3.2.7  (Trolox) (Fluka Sigma-Aldrich™ 

Chemie GmbH, Germany) 

  3.2.8 2,2-Azino-bis(3-ethybenzothiazoline-6-sulfonic acid) Diammonium 

(ABTS) (Fluka Sigma-Aldrich™ Chemie GmbH, USA) 

  3.2.9 2,2-Diphenyl-1-picrylhydrazyl (DPPH) (Fluka Sigma-Aldrich™ 

Chemie GmbH, USA) 

  3.2.10  (Fluka Sigma-Aldrich™ Chemie GmbH, 

Germany)

  3.2.11  (Fluka Sigma-Aldrich™ Chemie 

GmbH, Germany)  caprylate, caprate, laurate, myristate  palmitate 

  3.2.12 

  3.2.13  (Fluka Sigma-Aldrich™ Chemie 

GmbH, Germany)  salicylic, 4-hydroxybenzoic acid, syringic acid,

m-coumaric acid, p-coumaric acid, gallic acid, caffeic acid  catechin 

  3.2.14 Trimethylchlorosilane (TCMS) 99.0%(GC) (Fluka Sigma-Aldrich™ 

Chemie GmbH, Germany) 

3.2.15 N,O-bis-trimethylsilyl acetamide (BSA) 95.0%(GC)  (Fluka Sigma-

Aldrich™ Chemie GmbH, Germany) 

3.2.16 Pyridene 99.0%(GC) (Fluka Sigma-Aldrich™ Chemie GmbH, 

Germany)

3.3

 3.3.1  (GC-FID) Shimadzu  2010  AT-WAX 

 0.20  50  0.25 

3.3.2 -  (GC-MS) (Hewlett-

Packard 6890-MS detector HP 5973  0.20  30 

 0.25 
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 3.3.3  (  Vapodest 20 Gerhardt, Germany)  

 3.3.4  (Tecator - Soxtec system HT)  

 3.3.5  (Spectrophotometer) (  Spectronic 20 

Genesys, USA)   

 3.3.6  (Rotary evaporator) (Büchi Co.Ltd., 

Japan)

 3.3.7  (refractometer) (  2110-W06 Atago Co.Ltd., Japan) 

 3.3.8  (  Universal 16 Hettich, Germany) 

 3.3.9 -  (Radiometer  PHM 210 Metro Lab 

Co.Ltd., France) 

 3.3.10  (  Ultra Turrax T25 Basic Becthai, 

Malaysia)

  3.3.11  2  (KERN & Sohn GmbH D-

72336, Balingen, Germany) 

  3.3.12  4  (  BP 221S Sartorius, Germany) 

3.4

3.4.1

 -  (total soluble solids) 

 (AOAC, 1999) 

-

 - -  (pH) -

-
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 -  (titratable acidity, TA) 

 0.1  ( )

 -  (moisture content) (AOAC, 1999) 

 3x3  5 

 105 

 12 

 -  (specific gravity) 

(Mohsenin, 1996) 

 30 

 ( )

3.4.2

  -  180, 190  225 

  -  180, 190  225 

  -  180, 190  225 

  -  180, 190  225 

  -  210  240 

  -  210  240 
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  -  Nelson-Somogyi (1952) 

 Somogyi  Nelson  (

)  345 

  -  Phenol-Sulforic (Dubois 

, 1956)  5 

 488 

 ( )

  - 

 (Cat. Nr. 10 716 260 035 Boehringer Mannheim, R-Biopharm AG, 

Germany)  (

Dubois , 1956) ( )

 3.4.3 

 atomic absorption spectrophotometer (AAS) 

  -  180, 190  225 

  -  180, 190  225 

 30 

 500 

 -20  12 

 ( ) (

)  1  30 
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3.4.4

 Gas 

Chromatography FID (GC-FID) 

  -  180, 190  225 

  -  180, 190  225 

  -  210  240 

  -  210  240 

 0.2 

 39  (Snowdon , 2003) 

 - 

12  ( )

 -  (Folch method) (Reynolds, 

Dring  Hughes, 1991) ( )

 -  ( )

 (sodium 

methoxide)
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 -  GC-FID  Shimadzu  GC 

2010  AT-WAX (Alltech Heliflex)  0.25  50 

 0.20  1 

inject port  210  split ratio 1:10  120 

 3  210  5 

 (carrier gas)  40 

131.9  retention time 

 50-500    

3.4.5

 -  180, 190  225 

 -  180, 190  225 

 -  180, 190  225 

 -  180, 190  225 

 -  210  240 

 -  210  240 

 20 

100  3 

-

 (total phenolics content)  Folin-Ciocalteu

 3.4.5.1  GC-MS

 -  50  5 

 10  60  Trimethylchlorosilane 
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(TCMS) 200  N,O-bis-trimethylsilyl acetamide (BSA) 500 

 60  60  GC-MS 

  -  GC-MS 

Zadernowski (2005)  HP5 (30 m x 0.25 mm x 0.25 m)

 1.5  131.9 

1  inject port  240  splitless 

 90  1  240 

20  10  280 

 20  5 

 3.4.5.2  Folin-Ciocalteu

Folin-Ciocalteu

 (mg GAE) 

 ( )

 3.4.6 

 16 

 -  180, 190  225 

 -  180, 190  225 

 -  180, 190  225 

 -  180, 190  225 
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 -  210  240 

 -  210  240 

 DPPH  TEAC ( )

3.5

 Factorial Randomized Complete Block 

Designs  2  (ANOVA) 

 mean±S.D.  Duncan’s new multiple 

range test (NMRT)  95 ( =0.05)
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29

 4 

4.1

 4.1.1 

 180-225 

 3  (

)  ( )

 225 

 180  (p<0.05)  190  225 

 3.7  6 

 (TSS)  7.2  7.9 

 190  225  180 

 225  (TA) 

 0.08 -  (pH) 

4.84  (TSS/TA)  100-110 

 225 

 (p 0.05)

(2551)  170-190 

 TSS/TA  95 

 180 
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 Pimolphan 

 Jangchud (2005) 

 170  190 

Rosario  Rubico  1979 

 210 

 180  (p 0.05)

 (p 0.05)

 ( , 2549)
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4.1.2

 1.28-1.46 

 5.7-8.3  (

0.035-0.048 )  4 

(2551)  240 

 1.8-2.2 

 (  2.1-2.5 )  39.4-

46.3  8.7 

 (  7 

)

 30 
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4.2

4.2.1

 3 

 190  180  225 

 41.96 

 ( )

(  4)  5 : :

 (190 )  43:38:19  47:35:18 

 Santoso  (1996) 

Green dwarf  195 

 (  5) 

 (  39.62) 

 (p 0.05)

: :

 5 

 225  ( )

 Pimolphan 

 Jangchud (2005)  170  190 

 (Child, 1974) 
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-    

 2 

 1.40-1.70 

 0.75-0.91  0.36-0.7 

: :  30:50:20 (  6) 

 (p>0.05)  (  6) 

 202  225 

 7.6  7.7 

 (Terdwongworakul, 2009) 
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   )
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 6 : :  (

      )

 210  240  210  240  240 

 (%) 33 29 27 30 30 

 %) 45 56 49 55 54 

 %) 22 14 24 15 16 

: :  0.3:0.5:0.2 0.3:0.6:0.1 0.3:0.5:0.2 0.3:0.6:0.1 0.3:0.5:0.2 

4.2.2

 7 

 2400, 2620 

ppm  2090, 2210 ppm  66.5, 51.6 ppm 

110, 125 ppm  180  225 

 green dwarf  Vigliar  (2006) 

 4 

 165  255 

 225  over maturity (255 )

 -
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 ( ,

2549)

 255 

 (FAO) 

 (oral 

rehydration) ( , 2546)  (electrolyte 

minerals)

(sport drink) 

 8 

 isotonic drink  electrolytic balance 

 (Richter , 2005)  8 

 250  (1 )

 3,500  1 

 (190 )  1,440 

 2,990  179.4 

11.5  15.6 
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 7  (ppm) 

 green dwarf 

 green dwarf

(Vigliar , 2006) ( )

 165  185  225  255  180  190  225 

 57.5 62.5 80.5 46 59.1 82.3 117.5 

3,900 1,989 1,560 1,911 2,510 2,435 2,150 

    212 325 281 184 175.5 171 149.5 

   235 136 82 82.6 81.35 67.2 77.2 

 8  (Thai RDI)     

      

        (1 )

 (250 ) Sport drinks* Thai RDI** 

180  190  225  (250 ) (  6 )

 ( ) 1.2 2 1 15 300 

 ( .) 43.9 42.8 37.4 NA 800 

 ( .) 20.3 16.8 19.3 17.5 350 

 ( .) 627.5 608.8 537.5 293 3500 

 ( .) 14.8 20.6 29.4 102.5 2400 

*  (2546) 

** www.fda.moph.go.th  

NA; Not analysis 
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(  9) 

 4.70, 11.15  21.25 

 5.04, 10.47  24.22  180, 190  225 

 95

 10 

 240 

 210 

14.98  16.03  12.78  11.87  1.4  1.35 

 (crude fiber)  8.02  8.77 

 180  190 

 210  240 

 7.11-8.77  100  2.1 

 100 

(Gonzales, 1983)   12.74-16.03 

 100  30.9  100 
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4.3

-  (  7) 

Azeez (2007)  48 

 (  19 )

 225  (  53 )

 7  3 

     4  5  6  7 

 9 



   

46

 8  14 

 (C12:0)  32.04  44.98  (

12)  (C14:0)  20.02  22.88 

 (C8:0)  3.12  6.20  (C10:0)

 2.84  4.8 

 (p 0.05) (  8) 

 8 

(  52 )
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 11 

 (Child,1974; Akpan 

, 2006; Azeez, 2007) 

 Azeez (2007) 

 ( )

 ( )

 225 

 (%RDI)  6  20  ( -
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46.45- 49.58 

 2  2.9  (  12) 

 225  5.8 

 (galactomannan) 

 ( ,

2547)

(monosaccharide)  (phloem) 

 ( , 2551) 
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 12     

         100 

( ) 210  240  210  240 

C8:0 (Caprylic acid)
ns

   333.10±11.27 339.06±24.99 293.71±28.11 335.09±23.31 

C10:0 (Capric acid)
ns

   299.44±30.42 304.34±27.27 266.38±42.28 303.56±32.61 

C12:0 (Lauric acid)  1393.62
b
±67.35 1548.03

a
±66.97 1264.80

c
±82.98 1513.92

a
±97.91

C14:0 ( Myristic acid)
ns

  660.43±31.06 703.97±21.97 658.63±13.98 684.97±16.66 

 2685
ab

±124 2894
a
±86.3 2481

b
±155 2835

a
±97.1

% Thai RDI* 11.19 12.06 10.34 11.81 

 (p 0.05)  

ns

*  Thai Recommended Daily Intakes; Thai RDI (

)
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4.4

4.4.1

 (2545) 

 4  (

 95) 

  (

, 2545) 

 Seneveratne  (2008) 

 (Walter 

Purcell, 1979) -

 GC-MS  8  (  13) 

 7 

10  6  (  9) 

 salicylic, syringic acid  4- hydroxybenzoic 

acid m-coumaric

acid, p-coumaric  acid  caffeic acid  Seneveratne,  (2008) 
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 gallic acid, epigallocatechin, 

catechin, 4-hydroxybenzoic acid, epicatechin, caffeic acid, syringic acid  ferulic 

acid  1   catechin 

epigallocatechin  epicatechin 

 Seneveratne  120 -

 HPLC 

 GC-MS  GC-MS 

 epigallocatechin  epicatechin 

 280  ( , 2549) 

 270 

 190 

m-coumaric acid, p-coumaric  acid, caffeic acid  gallic acid 

 180  225  gallic acid 

 gallic acid  4-hydroxybenzoic acid 

-

(-CH3) 1  2 

 ( , 2549)  TEAC 

 8  gallic acid 

 TEAC  3.01 

catechin, p-coumaric  acid, syringic acid, caffeic acid, 4- hydroxybenzoic acid 

salicylic (  15) 
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 10  (a) 

 (b)  (c)  1  salicylic, 2  4-hydroxybenzoic

    acid, 3  syringic acid, 4 m-coumaric acid, 5 p-coumaric acid, 6 

    gallic acid, 7  caffeic acid  8  catechin 
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 13  TEAC 

*  (2549) 

 RT  TEAC* 

 ( )   ( )

salicylic  5.02 hydroxybenzoic acid phenolic acid 0.04±0.01 

4-hydroxybenzoic acid 10.64 hydroxybenzoic acid phenolic acid 0.081±0.001 

syringic acid 11.24 hydroxybenzoic acid phenolic acid 1.36±0.01 

m-coumaric acid  14.82 hydroxycinnamic acid phenolic acid 1.21±0.02 

p-coumaric acid 15.08 hydroxycinnamic acid phenolic acid 2.22±0.06 

gallic acid  17.01 hydroxybenzoic acid phenolic acid 3.01±0.05 

caffeic acid 17.63 hydroxycinnamic acid phenolic acid 1.26±0.06 

catechin 23.86 flavonoid flavanol 2.4±0.005 
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4.4.2

 11  190 

 100.06  62.85 

 (fresh weight)  180  (70.86 

 53.9 )  225  (68.23  60.27 

)

 190  ( )  gallic acid, 

coumaric acid  caffeic acid  3 

 (  13)  3 

 180  225 

 ( , 2549) 

 180 

 190 

 180 

 225 
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 190 

 11                 

      (  51 )

 12 

 (p 0.05)  88.14  70.29 -

 77.33  61.55 

d

cd

a

b

b

c

b

a

c

ab

cd

d

0 40 80 120 160
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 225 
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 ( g GAE/g) 

 ( g GAE/ml) 
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 12 

      (  51 )

 400 

 1  31  14  

 1  3  16 

 21 

 (

a

ab

b
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0 40 80 120 160

 240 
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 210 

 210 

( g GAE/g)
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4.5

 DPPH 

 (% Inhibition of DPPH radicals) 

 190  % Inhibition  77.59 

 TEAC   47.61  (  15) 

 27.27  26.1 

 16

-

 % Inhibition  (p 0.05)

190  DPPH, 

TEAC

 180 

 190 
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 15

 % Inhibition TEAC 

  (60 mg extract/ml) (mM/g) 

 180  58.8
c
±13.7 8.4

c
±0.4

  190  71.7
ab

±0.9 16.1
a
±0.6

  225  69.7
b
±8.8 13.3

b
±0.5

 180  57.7
c
±9.5 10.4

c
±0.7

  190  77.6
a
±11 15.6

 a
±0.7

  225  71.6
ab

±2 14.9
b
±0.9

(p 0.05)

 16 

 % Inhibition TEAC 

  (ml/ml) (mM/ml) 

 180  15.9
c
±5 0.27±0.06 

 190   21.1
ab

±1.2 0.39
ab

±0.09

 225  20.55
c
±6.6 0.3

abc
±0.09

 180  18.9
 c
±4.6

c
 0.31

bc
±0.12

 190  27.3
a
±4.9 0.41

a
±0.11

 225  19.9
c
±3.5 0.37

ab
±0.09

(p 0.05)

 17  DPPH 

 210  DPPH 



63

 48.8  49.7 

 TEAC  8.3 

 17

 % Inhibition
 ns

 TEAC 

  (60 mg extract/ml) (mM/g) 

 210  48.8 ±11.0 6.5
ab

±0.7

  240  41.7±3.4 4.1
bc

±0.9

 210  49.7±9.2 8.3
a
±1.4

 240  37.7±6.5 3.7
c
±0.7

(p 0.05)

ns

 TEAC 

 R
2
 = 0.8789  % 

Inhibition  R
2
 = 0.8468 

 TEAC  % Inhibition 

 R
2
 = 0.9558  13 
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 5 
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 225  3 
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1.
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 5  ( )  100 
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 pH  8.1 (  pH 
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  =  ( )x 0.067 x 100 

(  100 )    ( )

2.  Phenol-Sulfuric (  Dubois, 1956) 
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 2.1 

2.2.1-2.2.3  14 

y = 0.0111x

R
2
 = 0.9993

0

0.2

0.4

0.6

0.8

1

1.2

0 20 40 60 80 100

 ( )

14

3.

3.1

  3.1.1  5±0.1  ( )

 250 

  3.1.2  80  100 

  3.1.3  60  10 

  3.1.4  Whatman No. 4



76

  3.1.5  -20 

 3.2 

 3.2.1  10 

 200 

 3.2.2  (Cat. Nr. 10 716 260 035 Boehringer 

Mannheim, R-Biopharm AG, Germany)  0.1 

 3.2.3  345  UV-VIS 

Spectrophotometer  30 

 3.2.4 

 3.2.5  3.2.1- 3.2.4 

4.  Gas Chromatography FID 

4.1

 4.1.1  20±0.1  ( )

  4.1.2  isopropanol  100 

 5 

  4.1.3  Whatman No. 4

  4.1.4  4.1.2-4.1.3 

  4.1.5  isochroloform-chloroform 

(  1:1 )  100 

  4.1.6  12  continuous shaker 

 90 

  4.1.7  Whatman No. 4

  4.1.8  Rotary evaporator 

50  50 
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  4.1.9  chloroform-methanol (  2:1 

)  30  3 

  4.1.10  4.1.9 

  4.1.11  100 

  4.1.12  (KI)  0.88 

 (KI  0.88 )  15 

  4.1.13  methnol-saline (  methanol:0.88% KI 

 1:1)  15 

  4.1.14  4.1.9-4.1.12 

  4.1.15  Rotary evaporator  50 

 50 

  4.1.16   chloroform  10 

 -20 

 4.2 

  4.2.1  1 

 5 

  4.2.2  (NaCH3O)  0.5  (

NaCH3O  1.35  50 )

0.1  5 

  4.2.3  10 -

 1  1 

  4.2.4  7000 

 5 

  4.2.5  GC-FID 
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5.  (  Maisuthisakul , 2007) 

 5.1 

 5.1.1  1 

  5.1.2  20±0.1  (

)  250 

  5.1.3  100 

  5.1.4  3  continuous 

shaker  90 

  5.1.5  Whatman No. 4

  5.1.6  Rotary evaporator  50 

 50 

  5.1.7  10 

  5.1.8   -20  (

 3 )

 5.2 

  5.2.1  0.1±0.01  ( )

  5.2.2  5 

 50  stock solution 

5.2.3  stock solution  0, 0.1, 0.2, 0.3, 0.4  0.5 

 10 

0, 20, 40, 60, 80  100 

 5.3 

  5.3.1  1 -

 10 

  5.3.2  200 

 Folin-Ciocalteu reagent  10 (w/w)  1 

 3 

  5.3.3  7.5 (

)  0.8  vortex mixer 
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  5.3.4  120 

  5.3.5  765 

  5.3.6  calibration curve 

 5.3.2-5.3.5 
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 (mg gallic acid equivalent; mg 
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6.  TEAC 

 6.1  ABTS 

 6.1.1  2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid (ABTS) 

 0.384  100 

  6.1.2  (K2S2O8) 0.066 

 100 
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  6.1.3  6.1.1  6.1.2  2:1 

 ( )  12-16  stock solution 

  6.1.4  stock solution  95 

 0.70±0.02  734  ABTS
+

 6.2 

  6.2.1  5.1  0.2±0.01 

( )  10 

 95

  6.2.2  ABTS
+

 4 

 6.2.1  40  6 

  6.2.3  734  6-

hydroxy-2, 5,7,8-tetramethylchroman-2-carboxylic acid (Trolox)  1  (

Trolox  0.25  95   1000 

)

 95  40  ABTS
+

4  6  blank 

  6.2.4 

 =  Blank –  x 100 

 Blank 

 TEAC (mmol/g) =              %

    %  Trolox x 
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7. DPPH

 7.1  DPPH

 7.1.1  2,2-Diphenyl-1-picrydazyl (DPPH)  0.023 

 95  100  stock solution 

 6x10
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  7.1.2  stock solution  6x10
-4
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 95  50 

 6x10
-5

 7.2 
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100
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 3.9  2 

  7.2.5  515 
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  7.2.6  % inhibition of DPPH 

% Inhibition = (A0-Aext )/ A0 x 100 

  A0    =  DPPH  0  (  DPPH)

  Aext   =  DPPH  2 
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 18     

       

Source d.f. Sum of Square Mean Square F value P level significant 

B 1 0.3675 0.3675 8.86 0.0309 * 

P 1 0.4083 0.0408 0.98 0.3668 - 

M 2 4.2667 2.1233 51.16 0.0005 * 

PxM 2 0.8067 0.4033 1.72 0.5189 - 

B  block P  M 

*  (p<0.05)

 19     

       

Source d.f. Sum of Square Mean Square F value P level significant 

B 1 0.2080 0.2080 14.74 0.0121 * 

P 1 0.0588 0.0588 4.17 0.0967 - 

M 2 3.8451 1.9225 136.22 <.0001 * 

PxM 2 0.5408 0.2704 19.16 0.0045 * 

B  block P  M 

*  (p<0.05)
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 20 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.1541 0.0385 17.73 0.0084 * 

P 1 0.0012 0.0012 0.14 0.7255 - 

M 2 0.7562 0.3781 73.49 0.0007 * 

PxM 2 0.0546 0.0273 3.14 0.13.08 - 

B  block P  M 

*  (p 0.05)

 21 

         

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.0243 0.0243 16.42 0.0098 * 

P 1 0.8427 0.8427 569.39 <.0001 * 

M 2 0.3931 0.1965 132.79 <.0001 * 

PxM 2 1.1827 0.5913 399.54 <.0001 * 

B  block P  M 

*  (p 0.05)

 22 

         

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.0243 0.0243 34.71 0.0020 * 

P 1 0.0280 0.0280 40.05 0.0015 * 

M 2 0.0950 0.0475 67.86 0.0002 * 

PxM 2 0.0045 0.0022 3.19 0.1.279 - 

B  block P  M 

*  (p<0.05)
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 23 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0044 0.0044 0.06 0.8136 - 

P 1 0.0001 0.0001 0.00 0.9754 - 

M 2 0.2429 0.1214 1.70 0.273 - 

PxM 2 0.1134 0.0567 0.79 0.5015 - 

B  block P  M 

 24 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.1027 0.1027 12.29 0.0172 * 

P 1 0.0002 0.0002 0.02 0.8807 - 

M 2 0.0648 0.0324 3.88 0.0962 - 

PxM 2 0.0381 0.0019 0.23 0.8037 - 

B  block P  M 

*  (p<0.05)

 25 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.1027 0.0324 12.29 0.0172 * 

P 1 0.0002 0.0002 0.02 0.8807 - 

M 2 0.0648 0.0324 3.88 0.0962 - 

PxM 2 0.0038 0.0019 0.23 0.8037 - 

B  block P  M 

*  (p<0.05)
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 26 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0033 0.0033 0.17 0.6952 - 

P 1 1.7633 1.7633 91.21 0.0002 * 

M 2 5.7817 2.8908 149.53 <0.0001 * 

PxM 2 1.2017 0.6008 31.08 0.0015 * 

B  block P  M 

*  (p<0.05)

 27 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0408 0.0408 5.98 0.0583 - 

P 1 0.0675 0.0675 9.88 0.0256 * 

M 2 0.4652 2.3258 340.37 <0.001 * 

PxM 2 0.195 0.0975 14.27 0.0086 * 

B  block P  M 

*  (p<0.05)

 28 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.1008 0.1008 0.11 0.7528 - 

P 1 1.5408 1.5408 1.69 0.2501 - 

M 2 236.2317 118.1158 129.68 <0.0001 * 

PxM 2 15.0817 7.5408 8.28 0.0259 * 

B  block P  M 

*  (p<0.05)
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 29 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.0075 0.0075 0.12 0.7451 - 

P 1 0.8008 0.8008 12.61 0.0164 * 

M 2 3.7917 1.8958 29.86 0.0017 * 

PxM 2 2.5317 1.2658 19.93 0.0041 * 

B  block P  M 

*  (p<0.05)

 30 

        

Source d.f.  Sum of Square Mean Square F value P level significant 

B 1 0.0833 0.0833 0.33 0.5897 - 

P 1 10.4533 10.4533 41.59 0.0013 * 

M 2 29.2717 14.6358 58.23 0.0003 * 

PxM 2 0.7117 0.3558 1.42 0.3257 - 

B  block P  M 

*  (p<0.05)

 31  % Inhibition 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 6.192 6.192 0.27 0.6267 - 

P 1 17.812 17.812 0.77 0.42 - 

M 2 160.0638 80.0319 3.47 0.1137 - 

PxM 2 1.5758 0.7879 0.03 0.9667 - 

B  block P  M 
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 32  % Inhibition 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 9.3987 9.3987 2.12 0.205 - 

P 1 5.1221 5.1221 1.16 0.3313 - 

M 2 73.3878 36.6939 8.29 0.0259 * 

PxM 2 3.1382 1.5691 0.35 0.718 - 

B  block P  M 

*  (p<0.05)

 33  TEAC         

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.1633 0.1633 0.23 0.6542 - 

P 1 0.48 0.48 0.67 0.4517 - 

M 2 87.405 43.7025 60.59 0.0003 * 

PxM 2 0.665 0.3325 1.46 0.655 - 

B  block P  M 

*  (p<0.05)

 34 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0027 0.0276 0.32 0.6131 - 

P 1 0.0021 0.0021 0.02 0.8862 - 

M 1 0.009 0.0091 0.1 0.7678 - 

PxM 1 0.1035 0.1035 1.19 0.3558 - 

B  block P  M 
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 35 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0578 0.0578 0.54 0.5141 - 

P 1 0.0338 0.0338 0.32 0.6121 - 

M 1 0.0072 0.0072 0.07 0.8114 - 

PxM 1 0.0032 0.0032 0.03 0.8732 - 

B  block P  M 

 36 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0512 0.0512 1.03 0.385 - 

P 1 0.1105 0.1105 2.22 0.2329 - 

M 1 0.0085 0.0085 0.17 0.7079 - 

PxM 1 0.0041 0.0041 0.08 0.7939 - 

B  block P  M 

 37 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0045 0.0045 0.01 0.9289 - 

P 1 0.0015 0.0015 0 0.9588 - 

M 1 0.0351 0.0351 0.07 0.8044 - 

PxM 1 0.0078 0.0078 0.02 0.9066 - 

B  block P  M 
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 38 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0242 0.0242 8.85 0.0588 - 

P 1 0.0145 0.0145 5.29 0.1051 - 

M 1 0.0005 0.0005 0.16 0.7121 - 

PxM 1 0.0113 0.0113 4.12 0.1355 - 

B  block P  M 

 39 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0242 0.0242 8.85 0.0588 - 

P 1 0.0145 0.0145 5.29 0.1051 - 

M 1 0.0005 0.0005 0.16 0.7121 - 

PxM 1 0.0113 0.0113 4.12 0.1355 - 

B  block P  M 

 40 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0231 0.0231 0.81 0.4348 - 

P 1 0.7503 0.7503 26.25 0.0144 * 

M 1 1.0878 1.0878 38.06 0.0086 * 

PxM 1 0.1081 0.1081 3.78 0.1470 - 

B  block P  M 

*  (p<0.05)
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 41 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0162 0.0162 3.16 0.1737 - 

P 1 0.3121 0.3121 10.79 0.0044 * 

M 1 0.7081 0.7081 137.93 0.0013 * 

PxM 1 0.0841 0.0841 16.37 0.072 - 

B  block P  M 

*  (p<0.05)

 42 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.4325 0.4325 122.07 0.0016 * 

P 1 0.6161 0.6161 175.18 0.0009 * 

M 1 5.346 5.346 1520.32 <.0001 * 

PxM 1 3.565 3.565 1013.59 <.0001 * 

B  block P  M 

*  (p<0.05)

 43 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0041 0.0041 0.19 0.6928 - 

P 1 1.155 1.155 54.02 0.0052 * 

M 1 2.599 2.599 121.55 0.0016 * 

PxM 1 0.7442 0.7442 34.80 0.0097 * 

B  block P  M 

*  (p<0.05)



92

 44 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0242 0.0242 72.60 0.0034 * 

P 1 0.4802 0.4802 1440.60 <.0001 * 

M 1 1.8432 1.8432 5529.60 <.0001 * 

PxM 1 1.5842 1.5842 4752.60 <.001 * 

B  block P  M 

*  (p<0.05)

 45 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 5.4056 5.4056 0.04 0.8458 - 

P 1 88.5115 88.5115 0.73 0.4544 - 

M 1 160.016 160.016 1.33 0.3327 - 

PxM 1 29.5788 29.5788 0.25 0.6543 - 

B  block P  M 

 46  % Inhibition 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 0.0613 0.0613 0 0.9684 - 

P 1 52.5313 52.5313 1.59 0.297 - 

M 1 213.2113 213.2113 6.44 0.0849 - 

PxM 1 25.5613 25.5613 0.77 0.4444 - 

B  block P  M 
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 47  TEAC 

        

Source d.f.  Sum of Square Mean Square F value P level significant  

B 1 1.2013 1.2013 262.09 0.0005 - 

P 1 0.9113 0.9113 198.82 0.0008 * 

M 1 24.1513 24.1513 5269.36 <.0001 * 

PxM 1 2.7613 2.7613 602.45 0.0001 * 

B  block P  M 

*  (p<0.05)  
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  48 

          ( )

  210  240   210  240 

2.76
a
±0.85 2.81

a
±0.07 2.95

a
±0.29 2.79

a
±0.08 2.07

b
±1.09

 ns
1.32±0.04 1.30±0.10 1.23±0.05 1.13±0.87 1.07±0.65 

1.40
a
±0.14 1.51

a
±0.62 1.66

a
±0.14 1.70

a
±0.03 0.99

b
±0.45

0.7
ab

±0.08 0.39
c
±0.19 0.59

a
±0.7 0.36

c
±0.21 0.30

d
±0.16

0.75
a
±0.13 0.84

a
±0.1 0.91

a
±0.2 0.80

a
±0.3 0.54

b
±0.09

 (p 0.05) 

(n=30)

ns
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 51 

 (p 0.05)

(n=30)

 52  ( )

        

 (p 0.05) 

(n=30)

 ( g GAE/g fresh weight) 

 180 70.86
c
±4.11 53.9

d
±2.44

 190 100.06
a
±13.78 68.23

a
±0.26

 225 68.23
cd

±0.26 60.27
b
±1.29

 180 84.10
b
±2.86 55.98

cd
±5

 190 98.41
ab

±5.57 61.37
b
±1.86

 225 62.8
d
±2.31 57.36

c
±1.12

 210 88.14
b
±8.4 - 

 240 70.29
cd

±11.76 - 

 210 77.33
bc

±6.44 - 

 240 61.55
d
±6.21 - 

 180  190  225  180  190  225 

C8:0(Caprylic)   4.7
c
±0.2 4.8

c
±0.1 6.2

 a
 ±0.1 3.1

d
±0.3 4.9

c
±0.1 5.4

b
±0.1

C10:0(Capric)   3.1
d
±0.1 3.6

c
±0.2 4.8

 a
 ±0.1 2.8

d
±0.2 3.8

c
±0.2 4.3

b
±0.1

C12:0(Lauric)  36.6
c
±0.4 38.9

b
±1.3 45.0

a
±0.1 32.1

d
±1.8 40.5

b
±2.0 46.7

a
±0.3

C14:0( Myristic)  21.3
bc

±0.2 21.1
bc

±0.1 20.9
c
±0.2 22.9

 a
±0.1 21.8

b
±0.3 20.0

d
±0.7

C16:0(Palmitic) 9.9
c
±0.5 11.4

b
±0.2 8.7

d
±1.3 11.3

b
±0.8 13.5

a
±0.4 9.2

c
±0.1
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 53  GC-FID 

 (mg/g fresh weight) 

 RT 

 ( ) 240 225 210

1 4.84 unknown - - - 

2 5.64 unknown - - - 

3 7.66 caprylic acid 4.57±0.74 4.51±20.64 3.33±1.12 

4 11.15 capric acid 5.20±0.11 4.08±0.11 2.99±0.30 

5 15.56 lauric acid 29.21±0.77 22.58±0.89 13.93±0.67 

6 20.12 myristic acid 9.37±0.82 6.75 ±0.95 6.60±0.31 

7 24.87 palmitic acid 4.67±0.68 3.03±0.47 3.98±0.48 

8 31.46 linoleic acid 1.61±0.22 1.03±0.13 2.99±0.18 

9 32.37 oleic acid 3.44±0.10 2.01±0.27 0.84±0.32 

10 33.89 Stearic acid 0.18±0.04 0.03±0.12 0.08±0.02 

RT  Retention time 

 54  ( )

        

(% ) 210  240  210  240 

C8:0 (Caprylic acid)   6.42
b
±0.38 6.73

a
±0.07 5.56

c
±0.01 6.35

ab
±0.05

C10:0 (Capric acid)   5.00
b
±0.23 5.39

a
±0.05 4.40

c
±0.02 5.20

ab
±0.04

C12:0 (Lauric acid)  48.34
b
±0.25 48.64

ab
±0.38 46.45

c
±0.47 49.58

a
±0.27

C14:0 ( Myristic acid)  19.56
b
±0.25 19.03

c
±0.11 20.93

a
±0.19 19.18

c
±0.11

C16:0 (Palmitic acid) 9.42
b
±0.09 9.35

b
±0.11 10.80

a
±0.14 8.95

c
±0.08

 (p 0.05) 

(n=30)





101

(complex matrix)  (Pless, Bertelli 

Miglietta, 2006)  (major components) 

 190  210 

 (  55)  4 

 95  99 

 55  190

         210  4 

   

 ( g GAE/g dry weiht) 

   

 nonpolar  56.34 37.94 

 (95%) polar  121.95 110.06 

 (99%) polar  277.94 238.09 

 polar  - - 
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-  ( )

  ( ) MISS INTIRA KOOMYARD 

                   79  14 . . .  21000 

. .2550

                       

                       

. . 2551   

    

                       

. 2553. 

.  9 ,

. ( )                       
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