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ABSTRACT 

 

This research aims to study the extraction of prebiotic and phenolic compounds 

from jackfruit seeds using a batch extractor. Jackfruit seeds (Artocarpus heterophyllus Lam.) were 

extracted in a lab scale using screw-caped glass bottles to determine the optimal extraction 

condition. The investigated extraction parameters were extraction temperatures (30, 60 and 90 oC, 

x1), extraction times (30, 75 and 120 minutes, x2), solid to solvent ratios (1:10, 1:15 and 1:20 w/v, 

x3) and jackfruit seed preparation methods (fresh seed, drying at 60 °C for 12 hours and drying at 

60 °C for 24 hours, x4). Response surface methodology (RSM) was used to optimize the 

extraction condition of prebiotic and phenolic compounds from jackfruit seeds using 50% (v/v) 

ethanol as solvent. The resulting extracts were analyzed for total sugar, reducing sugar, non-

reducing sugar and total phenolic compounds. The optimum non-reducing sugar contents (26.45 

mg glucose/g dried seed) was reached by extraction with fresh seed in a solid to liquid ratio of 

1:20 w/v at 90 °C for 30 min. The result of gel permeation chromatography (GPC) showed that 

the extracted are oligosaccharides. The optimum condition from laboratory scale was applied with 

a pilot scale extraction unit in order to investigate the effects of extraction temperatures (30, 60 

and 90 ¯C) and jackfruit seed preparation methods (fresh seed, drying at 60 °C for 18 hours and 

drying at 60 °C for 24 hours). The result showed that the maximum non-reducing sugar content 

was gain by extraction with fresh seed at 90 ¯C. But the maximum total phenolic content was 

obtained by extraction with the dried seeds at 60 °C for 24 hours. After the extraction time of 30 



4 

 

minutes, extraction equilibrium was reached. The extraction of prebiotic and phenolic compounds 

from jackfruit seeds using our pilot-scale extraction unit was not economic to operate. However, 

if the process is operated in the industrial-scale extraction unit with no cost of jackfruit seed, the 

net present value (NPV) and payback (PB) positive and pay back in three year and three months, 

respectively. Therefore, the investment of extraction prebiotic and phenolic compounds from 

jackfruit seeds is possible in the industry. 
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2.1  
 

 ( Functional foods )  

 

  

  

 (Osteroporosis) 

  

   
  

(Phytochemicals)  

2-1 

 

 2-1  ( , 2548)  
 

  
  

  

 6 12  
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2.2   
 

Gibson Roberfroid (1995)  (Prebiotic) 

 
 

(Bifidobacteria) (Lactobacilli) (Roberfroid, 2001) 
 2-1  

 

 
 

2-1  ( , 2554) 

 

  

1.  
 2-2 

2.  
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3. (Bacteriocin) 

 

4. 
(Gut-associated lymphocyte tissue, GALT) 

 2-3 

 

 
 

 2-2   
( , 2554) 

  
 

 
 

2-3   
( , 2554) 
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2.2.1  
1. Bifidobacterium, 

Lactobacilli Bacteriodes spp. 

 (Gibson and 

Roberfroid, 1995) 

2. 

(Gibson, 2004; Kolida et al., 2002; Ellegard et al., 1997) 

3. 

 (Host)  

 
 2.2.2  
 1. (Galacto-oligosaccharide, GOS)                  

Glual-4[b  Gal 1-6]p 

p=2-5 2-4 

(b-galactosidase) 
 

 
 

2-4 (www.wipidea.com) 
 

 2. (Fructooligosaccharide, FOS) (Inulin) 

(Polysaccharide) 

(Fructose) 3-60 a, 1-2 
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b,2-1 Glua1-2[b Fru(2-1)]n n=10 Frub2-1Frun 

 

 3. (Soybean oligosaccharide, SOS) 

(Raffinose) 

(Starchyose) (Gibson, 2004) 

 

 4.  

 
Cellulose, Pectin 

Hemicelluloses 

 

2.2.3  
1.  

  
(Short-Chain Fatty Acids)  

  
 Clostridium perfringens, 

Salmonella spp. Esherichia coli  
 

 (Gibson et al., 1995, Chonan et al., 1995) 
 (Hughes and Rowland, 

2001)  
 2.  
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 3.  
(Triglyceride) 

 
  

(Propionic acid)  

   
 4.  

 
 

 

2-6  
 

2.3  
 

 (Antioxidant)  

 (Oxidation reaction)  

 

  

  

  

 

  

 

 

 

  
2-3 
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 2-2   (          
, 2547) 

 

  
(Vitamin C) /  

 

(Vitamin E)   

(Carotenoid)  

 

(D-Linomene)  

(Lycopene)  

(Anthocyanins)  

 

(Allylsulfides)  

(Monoterpenes)  

 

(Flavonoids)  

  

(Isoflavonoids)  

(Indoles)  

  
(Phenolic compounds) 

 

 

(Catechins)  

(Cryptoxanthins)  

(Lutein)  

, ,   
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2.3.2  
(Phenolic Compounds) 

OH  (Aromatic ring) 1 
3 

  
2-4 

(1) Simple phenols/phenolic acid Gallic acid, Ellagic acid, 

Tannic acid, Vanillin, Catechol, Resorcinol Salicylic acid Raspberry, 

Blackberry  Gallic acid  

 (2) Phenylpropanoids Phenolic compound  Three-

carbon side chain Hydroxycinnamic acids (Ferulic acid, 

Caffeic acid Coumaric acid), Coumarins (Umbelliferone, Scopoletin, Aesculetin 
Psoralen), Lignans (Pinoresinol, Eugenol 2-8 
Myristicin)   

(3) Flavonoids Phenolic compounds 
C6-C3-C6 Catechins, Proanthocyanins, 

Anthocyanidins, Flavones, Flavonols, Flavonones Isoflavones   Flavonoids 

Catechins 30%  
Chemoprevention    Anthocyanins Flavones, 

Flavonols Isoflavones    

2-9 (Pisamai Laupattarakasem., http://www.smj.ejnal.com/e-

journal/showdetail/?show_detail=T&art_id=281 ) 

 2-4 
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 2-3 (Waterman and Mole, 1994) 

 

Basic skeleton Class Example 
C6 Simple phenols Phenol, Guaiacol 

C6 - C1 Hydroxybenzoic acids Gallic acid 

C6 - C2 Acetophenone, 3-Acetyl-6-

Ethoxybenzaldehyde 

C6 - C3 Hydroxycinnamic acid Ceffeic, ferulic, p-Coumaric 

C6 - C4 Naphtoquinone Juglone 

C6 - C1 - C6 Xanthone Mangiferin 

C6 - C2 - C6 Stilbene, Anthrachinone Resveratrol 

C6 - C3 - C6 Flavonoids, isoflavonoids Catechin, Genistein 

(C6 - C3)2 Lignins Eusiderin 

(C6 - C3 - C6)2 Biflavonoids Amentoflavone 

(C6 - C3)n 

(C6)n 

(C6 - C3 - C6)n 

Catecholmelanine  

(Condensed Tannins) 

 

- 

 
2.3.1  
1. 

 2. 

(LDL cholesterol) 

(HDL cholesterol) 

 

3. 

Angiotensionconveting enzyme (ACE)  

4. 

(Amylase)  
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5. 

desease) Amyloid beta peptide 

 

6. 

 

7.  

8. 

  

 

2.4  
 

   Artocarpus heterophyllus Lam.    Moraceae 

  2-10 

 15  30  

   
 

 
 

2-5  (http://www.itmstrade.com/) 
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 2 -
-   

     
100 22 88.4 1.7 

1.6 1.0 6.7 0.7 8 
3 0.5 (IU) 1 0.49 

2 0.05 15 ( , 2535) 
 

 
 

2-6 . . 2546 

( , 2546) 



15 

 
 

 2-4 . . 2546  (

, 2546) 

 

 

  

( ) ( ) ( ) ( ) ( ) 
1.  65 1,897 1,502 12,485 9,048 

2. ( ) 52,575 1,417,618 905,883 1,074,445 771,897 

3.  11,049 311,940 154,701 189,811 129,645 

4.  6,201 169,132 72,743 254,810 172,073 

5.  1,924 54,023 20,153 174,022 91,736 

 
2.5  

 
 (Liquid extraction)  

 (Solvent extraction)  

  

   (Leaching)  (Solid - 

liquid extraction  liquid - solid extraction)  (Liquid - 

liquid extraction)  

  (Solute)  (Leachant) 

  (Leachate) 

2-12 
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2-7 Solid-Liquid Extraction (Gunt hamburg, 2002 ) 

 

1 (Solvent) 
 2 (Extraction material) 
 3 (Transition component) 
 4 (Depleted solid carrier phase) 

 5 (Solvent with 

dissolved transition component) 

  
2.5.1  

(Characteristics of Food Extraction) 
 

(Nonstationary) (Unsteady condition) 

(Interaction) 

 2-13  

 
1)  (Solid matrix) 
2)  

3) Solid matrix 

4) 
 

5)  

6)  
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 2-8 (solute) 

 (Constantina and George, 2003) 
 

 
(dc/dt dx/dt)  

Solid matrix  
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2.5.2   
-                                

-  

-                       

- 

 -  
 

2.5.3  
1. (Particle size) 

 (  , 2549) 

2. (Solvent) (Polarity) 

(Viscosity) 

 
 

 ( , 2549) 

3. 

Driving 

force 

 ( , 2549) 

4. 

 ( , 2549) 
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5. (Extraction time)   

 ( , 2549) 

6. (Agitation) 

 ( , 

2549) 

 
2.5.4  

 

  

  

 Wedge-shaped  

 (Semipermeable) 

 (Albumious)  (Collidal) 

   

  

 0.1-0.5  

 

 
2.6  

 
 (Response Surface 

Methodology, RSM) 

RSM  
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 2.6.1 RSM  
RSM 

 RSM 

RSM 

(Response Surface) 

2-1 

 = 1, 2, ., +                           (2-1) 

 

y  (Response)  

f  

 

x1, x2 n  

 

n   

e f   
e 

 

 

2.6.2 RSM 
    

1. 
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2. (Code) 
Box-Behnken Design (BBD) 

(Coded variables) 3 
 

 = + 2 2    (2-2) 

 

X  Coded Variables 

 x  

 xmax  

 xmin  

  3. 
RSM 

 

4. 
3 (3-D Plot) Contour Plot Regression 

Analysis (Quadratic equation) 

2-3 
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= 0 +  =1 + =1 2 + = +11=1 I<j (2-3) 

 

b0 , bi , bii bij   
 

 

2.6.3 RSM 
RSM 

RSM 

RSM 

RSM 

RSM 

Interaction effect 

RSM 

RSM 

 

 

2.7  
 

 
2 

 

 

 



23 

 
 

2.7.1  
(Payback: PB) 

 
 

 

-  

 
 

 
2.7.2  

 (Average rate of return: ARR) (
) 
 

 

 ( ) 
 ( ) 

2 
 
 

  

 (ARR)  

  
ARR= /( /2)   (2-4) 

 
-  

( ) 
 

  



24 

 
 

2.7.3  (Net Present Value: NPV) 
 

(Present Value of Cash Inflows: PVCI) (Investment: I)  

 t = 0 
  

 NPV  

 
  NPV 

 

   ( ) 
(Required Rate of Return) (Discounted 

rate) -  
 

  

 
NPV = (PVCI) - (IO) (2-5) 

 

-  
  

NPV  NPV  
  NPV 
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2.7.4  
(Profitability Index: PI) 
1 

 

  
PI = /  (2-4) 

 
2.7.5  

(Internal Rate of Return: IRR) 

( )   
 NPV   

 

PVCI  I = NPV = 0   (2-5) 

 

-  
 

(IRR) (k) 

IRR k 

IRR k 

 
IRR k   
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2.8  
Aynur and Ahmet (2005) -

  1000  

50  (  )  500  

   370    293  

  3  5   Steam jacket 

  

( )  0.25, 0.5, 0.75, 1.0  1.5  

 

  38%  85.4% 

 2.5   3  

88.5%  99.5% 

  

 

(Polyphenol)  

 3 2-25 

 
 

 2-9  3 

   

(Aynur and Ahmet, 2005) 
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Ekvall et al. (2006) 

- (RFOs) 

50 80% v/v  (21 °C) (83 °C)  

15, 30  60 21 °C  30 
 50% v/v 

Raffinose, Stachyose Verbascose 

Li. et al. (2006) 
 95% (v/v) 95% (v/v) 

95% 95% 

0, 20, 50, 72, 85 95%  

85, 72 50% 

Modification 

C18 catridges Acidified water   
  Acidified water 

 Acidified methanol 

 

Molina et al. (2005) 

 Aqueous media 

Physico-chemistry Degree of 

polymerization (DPn) 46 Gas 

chromatography  Mass spectrometer (GC-MS) (Inulinase) 
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FT-IR  -2,1-fructan bonds 

 
Proestos et  al. (2006) 

RH-HPLC GC-MS 5 Vitex agnus-castus (Verbenaceae), 

Origanum dictamnus (Lamiaceae), Teucrium polium (Lamiaceae), Lavandura vera (Lamiaceae) 

Lippia triphylla (Verbenaceae) 62.5 % v/v 

Reverse phase - High performance liquid chromatography 

(RP-HPLC)  
GC-MS 

Caffeic acid (0.12-0.93 mg/100 mg dry sample) Ferulic acid 

(0.34-1.52 mg/100 mg dry sample) (+)-Catechin (0.22-0.93 mg/100 mg dry sample) 

Xiaoli. et al. (2008) 
 (DCM) 0, 30, 50, 70 90% 

 50 oC 70 oC 15, 30 60 
DMC 5:1, 10:1, 15:1 20:1 

 DCM 10:1 50  30 
50% 

 

Hydrophilic 

a -Galactosides 

  

Yin Dang (2008) 

Lycium Barbarum RSM 

3, 3.5, 4, 4.5, 5, 5.5 6 70, 75, 80, 85, 90, 95 100 

18:1, 21:1, 24:1, 27:1, 30:1, 33:1 36:1 
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2, 3, 4, 5 6 

5.5 100 31.2:1 

5 23.13 

GC Xylose, 

Mannose, Arabinose, Rhamnose, Glucose Galactose 0.31: 2.05: 0.26: 

0.41: 1: 3.14  

Sun et al. (2010) 

(Fruiting body) Pleurotus ostreatus RSM BBD 

4 (90, 95 100 ), 
(1:16, 1:19 1:22 ) (2, 3 4 

) 2, 2.5 3 -
94.9 , 1:22 

, 4 2.7 
 

 = 58.6 + 1.175 1 + 9.7 2 + 4.725 3 + 3.0667 4 3.025 12                    1.75 1 2 1.15 1 3 + 0.875 1 4 6.5125 22 3.025 2 3               (2-6)                0.775 2 4 2.65 32   

 

  (2549)   

8   

 

  

   

  8  

36 Diphenyl - 

picrylhydrazyl - free radica (DPPH) 

ethyl acetate 19.8 ± 2.3  51.4 ±1.3  

500 /   

(VCEAC) 4.4 ± 7.2 105.9 ± 4.3 C /100  



30 

 
 

  Folin-ciocalteu         
 5.4±0.1  41.5±0.3 /

  
 0.6 

 (2552) 
, 50  (

) 90  ( ) 
 1:2, 1:4, 1:6 1:8 

 60 30, 60, 90, 120, 

150, 180, 360 480 

 50  

 1:8 60 

90   
Soong et al. (2004) 

 

 
 

 

  

 



1 
 

3 
 

 
 

3.1  
 

3.1.1   
(1) 

 
3-1 50% ( ) 

 

 
 

3-1  
 

3.1.2  
 (1)  
 (2) (Commercial Grade) 95%  Sigma-Aldrich 
 (3)  (Laboratory Grade)  Fisher Scientific 
 (4) (Laboratory Grade) 98%  Merck 
 (5)  (Laboratory Grade)  Merck 
 (6)  (Laboratory Grade)  Merck 
 (7) (Laboratory Grade)  Merck 
 (8) (Laboratory Grade)  Ajex Finechem 



2 

 

 
 

 (9)  R&M Chemicals 
(10)  (Laboratory Grade)  R&M Chemicals 

  
3.2  
 
 3.2.1 

(1)  (Hot Air Oven) : Memmert UNB 400 

 (2) (Blender) :  Moulinex Delicio 
(3) (Sieve):  Endocotts EFL 2000 

1.0-2.0   
(4) (Oil Bath Shaker) :  Memmert WNB 45 

 
(5)  (Vacuum Filter):  Sibata WJ-20 

(6) (Rotary Vacuum Evaporator):  Buchi Rotavapor  V-700 

(7) (Freeze Dryer): Dura Flexi-Dry m P 

(8) 2  
(9)  
(10)  (Centrifuge) 

 
(11) (Sieve shaker)  
(12)  

3 3-2 3-3 
 

 



3 

 

 
 

 
 

3-2 3  
 

 

 
 

3-3  



4 

 

 
 

(1)  
 

 
(2) Heater 

3-8 Heater 

(3) 294  
490  15 

 
(4) 

Heater 3 10 
   

(5)   
  

 
3.2.2 
(1) (Micropipette) 2-20  20-200 : Labmate 

(2) (Multichannel Pipette) 2-20 20-200 :  
 Multimate  

 (3) 96 Well Microtiter Plate: U-Shape
Microtiter plate reader 

(4) Microtiter Plate Reader:  Biotex Power Wave XS 
200-999 

( 25-50 C) 96 
 



5 

 

 
 

(5) (Gas chromatography, GC) 
 GC  

(mobile phase)  (stationary phase) 
  

(6) (Gel Permeation Chromatography) 

 (bead) 
 (gel) 
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3.3  
 

3.3.1 
RSM 

3.3.1.1  
RSM 

60 RSM  
1.  

1.1  
  -   (x1, 30-120 min) 
  -  (x2, 30-90 C) 
  -  (x3, 1: 10-1:20 w/v)  

  - 60 (x4,    
   0-24 hrs .  

1.2  
- ( / 

) 
- ( /

) 
2. (Code) 

 
3. Code 

Box-Benhken Design (BBD) 

27 3-1 
 
 

 



7 

 

 
 

3.3.1.2  
 1. 

 1.0-2.0 
 

2. 250 
50 RSM 

3-2 150 
3. 

4  
4.  
5.  
6.   
7. 

(2552) 
Lactobacillus acidophilus Lactobacillus 

Plantarum 
 

 
3-1  

 

3-1 ( )  

 
(min) ( C) (w/v) 60 C (hrs) Response 

1 30 90 15 12 

 
(mg glucose/g 

dried seed) 

 

(mg GAE/g 
dried seed) 

2 75 60 20 12 
3 30 60 20 12 
4 75 60 20 24 
5 120 60 15 0 
6 75 60 15 12 
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(min) ( C) (w/v) 60 C (hrs) 
Response Response 

7 30 30 15 12 

 
(mg 

glucose/g 
dried seed) 

 

(mg GAE/g 
dried seed) 

8 75 60 15 12 
9 75 30 15 24 

10 75 30 15 0 
11 75 90 15 24 
12 75 90 15 0 
13 120 60 20 12 
14 120 60 10 12 
15 75 60 10 24 
16 120 30 15 12 
17 75 60 20 0 
18 75 60 10 0 
19 75 90 20 12 
20 75 30 20 12 
21 120 60 15 24 
22 75 90 10 12 
23 120 90 15 12 
24 30 60 15 24 
25 75 30 10 12 
26 30 60 10 12 
27 75 60 15 0 



9 
 

 

3.3.2  

  1. 
 

1.0-2.0 
2. ( 50.5%) 60  

18 ( 13.8%) 60 24 
( 3.8%)) 50 

1:20 30, 60 
90  300 5, 10, 15, 20, 25, 30, 40, 50, 60, 75, 90 

120  
  

3. 
4  

4.  
5.   
6. 
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4 

 

 

 

4.1  

 

50% (v/v) 
RSM BBD 27 

 
 4-1 

RSM Analysis of variance (ANOVA) 
Essential regression 

4-1 
  2   0.773 

  
 

 = 8.174 + 2.002 2 4.709 4 + 9.590 42 + 3.008 2 3   (4-1) 
 1 2 1, 1 3 1, 1 4 1 

i

i
i x

xx
X

D
-

= 0                             (4-2) 

 
     X I   

             xi    
             x0    
           ixD   
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30 2 90, 10 3 20, 0 4 24 

   (mg glucose/g dried seed) 
        2  ( C) 
        3   (g/ml) 
       4  60 C (hrs) 
 

4-1  
 

 

 

 

 

(min) ( C)  (g/ml) 
60 C 

(hrs) 

 

(mg glucose/g dried seed) 

1 75 30 15 0 17.07 ±1.09 
2 30 90 15 12 8.48 ±0.64 
3 120 60 20 12 5.69 ±3.03 
4 120 60 15 0 23.26 ±0.45 
5 75 60 15 12 7.65 ±2.40 
6 120 30 15 12 3.92 ±1.45 
7 75 90 10 12 3.82 ±1.21 
8 75 60 15 12 7.15 ±0.78 
9 75 30 15 24 5.57 ±2.01 

10 30 60 10 12 10.41 ±1.04 
11 30 60 20 12 8.92 ±2.64 
12 75 60 20 0 22.77 ±0.88 
13 75 60 10 24 8.24 ±0.65 
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4-1 ( ) 
 

 
4-1 
 (

)  
 Essential regression (Quadratic equation) 

 ( 2)  ( 4) ( 2 3 ) 
( 42 ) P value 

 

(min) ( C) 
 (g/ml) 

60 C 

(hrs) 

 

(mg glucose/g dried 

seed) 
14 75 30 20 12 10.34 ±0.81 
15 120 60 15 24 14.73 ±0.51 
16 75 60 20 24 12.94 ±1.89 
17 30 30 15 12 6.25 ±0.58 
18 120 60 10 12 5.15 ±0.22 
19 75 60 15 12 7.07 ±1.93 
20 75 30 10 12 12.50 ±0.10 
21 120 90 15 12 11.58 ±1.37 
22 30 60 15 24 20.02 ±4.28  
23 75 90 15 24 16.86 ±0.15 
24 30 60 15 0 23.21 ±0.05 
25 75 90 20 12 13.70 ±3.33 
26 75 90 15 0 25.25 ±2.01 
27 75 60 10 0 23.31 ±3.05 



43 

P value 0.05 ( 2)  ( 4),  ( 2 3)   

( 42 ) P value 0.043, 4.644 x10-05 , 1.173 x 10-07 0.048 P value 

P value 
60 C 

  
 

 
  

(30-120 ) 
Xiang (2008) (Chickpea seeds) 

30 60 
 

 4-1      

ANOVA 4-2 F significant 
P value  5.07516x10-08 P value 

0.05  
4-1 R2 0.792 R2 1 

adj2  0.765 

adj2  R2 
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4-2 Essential 
regression 
 

ANOVA 
Source SS SS% MS F F Signif df 

Regression 964.16 81 241.04 23.12 1.30532E-07 4 
Residual 229.37 19 10.43 22 

LOF Error 130.97 11 (57) 16.37 2.3293 0.07959 8 
Pure Error 98.40 8 (43) 7.028 14 

Total 1193.5 100 26 
  
 

 
 

4-1  
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4.1.1  

 4-1 
(Surface plot) (Contour plot) 

4 

 
 
4.1.1.1 60  

 60  
4-2 

4-3  
60 

(Hydrolysis)  
(Browning) 

60 

60  12 ( 27.7% ) 24 
( 3.5% ) 60 

 24 60  
12 

60  
12 (Gelatinization)  
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 Lui (2002) 65  
 

 

 
 

4-2 60 
 1:20 (g/ml)  
50 30   
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4-3 60 
 1:20 (g/ml)  
50 30   

 

 (2553) 
50 50-90 90 

(Hydration rate) 
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4.1.1.2  (g/ml) 
 60   

 50  
60  

4-4 4-5  

 
 

4-4  
 60   

50 30  
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4-5  (g/ml) 
60 C (hrs)  

50   30  
 

4-4 4-5 
 

Xiaoli (2008) 
50 

 
4-2, 4-3, 4-4 4-5 

60  
60 



50 

  

4.1.2  

(Objective function)  4-3 

4-3 
 

4-3  
 
Objective function  = 8.174 + 2.002 2 4.709 4 + 9.590 42 + 3.008 2 3 

Subject to Boundary limit 

 0 0 

 30 2 90  10 3 20 

 0 4 24 

 
4-4 

RSM  
 

 
(w/v) 

 

( C) 60 C (hrs) 

 

(mg glucose/g dried seed) 

20 90 0 27.4 
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 4-4 30 
  1:20 (g/ml)  90 

  27.4 
 

 4.1.3  

 (4-1) 
 

4-4 4-5 
 
 4-5 90 

 1:20 (g/ml)  
 

 
 4-5 

(30-120 
) 

30 
0.5% 

(4-1) 

 

(min) 
 

(mg glucose/g dried seed) 
 

( mg GAE/g dried seed) 
1 10 20.52±0.53 1.23±0.93 
2 20 24.25±0.37 2.20±0.23 
3 30 27.30±0.83 3.01±0.73 
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50  1.0-2.0 
 

 
4.2  

 

90 1: 20 (g/ml) 30 
 Gel permeation chromatography (GPC) 

4-6 4-6 
 

 
 

4-6  GPC 
90   

1:20 (g/ml) 30  
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4-6 GPC Degree of polymerization (DPn) 
90  30   1:20 (g/ml) 

 
 

  

( ) ( ) 

 

( ) 
DPn 

1 765 851 34.06 3-5 
2 230 246 51.13 1-2 
3 127 135 14.80 1 

 
 4-7 4-6 

90  1:20 (g/ml) 
 1 DPn 

3-5 DPn 3-10 2 
    DPn 1-2 3 

 Wicheinchot  (2010) 

GPC 273-275 
716, 700, 490 470     
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4-7 GPC 
90 30  1:20 (g/ml)  

 60 24  
 

4-7 GPC Degree of polymerization (DPn) 
90 30  1:20 (g/ml) 

60 24  
 

  

( ) ( ) 

 

( ) 
DPn 

1 760 855 33.51 3-5 
2 207 185 32.96 1-2 
3 128 133 33.53 1 

 
4-7 4-7 

90  1:20 (g/ml) 
60 24  1                  

DPn 3-5 DPn 
 3-10 2   
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 DPn 1-2 3  
Wicheinchot (2010) 

GPC 273-
275 716, 700, 490 470 

60 
24  

60  24  
 
4.3 

 

 
90 1: 20 (g/ml) 

30 

(2552 ) (2553 ) 
4-8 

 
4-8 90 

 1:20 (g/ml) 
  

 

 
 

(mg glucose/g seed) 
 11.23±2.98 

 29.20±1.53 
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4-8 
2.2 

 
4.4  

 

 4.3.1  

 
 

4-2 
 

km
dt
dm

=-      (4-2) 

(4-1)  

kt
m

m
ln 0 =      (4-3) 

4-2  

kt
u(t)1
1

ln =
-

     (4-4) 

u(t) =  
 

 
4-4 ln(1/(1-u(t))) 
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4.3.1.1 
 

( , 
60 18 60 24 ) 

30.09, 10.03 16.11 / 4-4 
u(t) ln 1/(1-u(t)) 

ln 1/(1-u(t))  ( ) 4-8 

  

 
4-8 

90 1:20  
1.0-2.0   
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4-9 
30, 60 

90  

 
 

4-9  
1:20 (g/ml) 

1.0-2.0   
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4.3.1.2 
 

4-10 
4-11  

 

 
 

4-10 
90  

1:20 (g/ml)  1.0-2.0  
  

 



60 

 
 

4-11 
 

1:20 (g/ml) 1.0-2.0   
 

4.3.2  

 
 

(Bulk liquid) 

50  
4-5  
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[ ]

[ ]

[ ]AAeL
A

AAeL
A

AAeL
A

CCak
dt

dC

CC
V
A

k
dt

dC

CCAk
dt

VdC

-Ö=

-Ö=

-Ö=

)CA(Ck
dt

dN
AAeL

A -³=     (4-5) 

 

dt
dN A  ( / ) 

CAe ( / ) 
kL A 

 
 

         AA VdCdN =     (4-6) 
4-5 4-4  

 
      (4-7) 

 
 

kLa (Volumetric mass transfer coefficient) 
 

¶ (t=0) -
(Bulk liquid) 0, CA=0 

¶ (Bulk 
liquid) CA, CA= CA 

4-6 4-7 4-8 
[ ]t)akexp(1CC LAeA ÖÖ--=     (4-8) 
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4.3.2.1 
 

kLa Polymath 5.1 Regression 4-8 
kLa 4-9  

 
4-9 -

90 
1: 20 (g/ml) 1.0-2.0  

 
 CAe kLa (ml/min) R2 

 1.434 0.147 0.78 
60  18  0.507 0.072 0.91 
60  24  0.851 0.046 0.93 

 
 4-9 

60 18 60 -
 24 

(Hydrolysis) 
 (Browning) 

60 

60  18 
( 13.7  )  24 ( 3.5  

) 60   24 
60   18 
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60   18 
(Gelatinization)  

(Cell wall)  
4-12 kLa  

 

 
 

4-12 (Ng and Hupe, 2003) 
 

(CA) ( ) 

 4-13 

R2 ( 4-9) 
 
 



64 

 
4-13 90              

1:20 (g/ml)  
1.0-2.0  

 
 

kLa Polymath 5.1 Regression 4-8 
kLa  

1:20 (g/ml) 1.0-2.0 

4-10  
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4-10 
1: 20 1.0-

2.0  
 

( ) CAe kLa (ml/min) R2 

30 1.085 0.089 0.89 
60 1.283 0.140 0.73 
90 1.434 0.147 0.78 

 
4-10 

kLa  
4-14          

R2 4-10 

 
4-14 90              

1:20 (g/ml)  
1.0-2.0  
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4.3.2.2 
 

 4-15 
4-11 60 

 kLa  
 

 
 

4-15 90        
1:20 (g/ml)    

1.0-2.0  
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4-11 
90 

1: 20 1.0-2.0  
 

 CAe kLa (ml/min) R2 

 0.164 0.145 0.87 
60  18  0.323 0.099 0.93 
60  24  0.346 0.093 0.92 

 
kLa 

4-12 (CA) 
( ) 

4-16 
  

4-12 
1: 20 

1.0-2.0  
 

( ) CAe kLa (ml/min) R2 

30 0.147  0.104 0.92 
60 0.148 0.130 0.91 
90 0.164 0.145 0.87 
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4-16   

1:20 (g/ml)  
1.0-2.0  

 
 

4.5  

 

 
1) (

)  
2)   
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3)  
GPC Fructooligosaccharide 

  
Fructooligosaccharide   

(2553) 
  

 
4.5.1 

 

60 
52              

90 60 

 2  
1 5 /  

 
2  

( )            
 4-14 - 4-15 

  
90 1:20 

 
1: 10 (g/ml) 

1: 20 (g/ml) 4-13 
1: 10 (g/ml)  

 



70 

4-13 - ( 5 / ) 
90 1: 10, 1:15 1:20 (g/ml) 

30  
 

 

( ) 
1:10 1:15 1:20 

   

 

¶ Fructooligosaccharide   0.134 ./  ³ 
500 ./ . ³ 30 

/  = 2,010 

0.103 ./  ³ 
500 ./ . ³ 30

/  = 1,543 

0.086 ./  ³ 
500 ./ . ³ 30 

/  = 1,287 
¶ Gallic acid 0.007 ./  ³ 15

./  ³ 30 /
 = 3 

0.007 ./  ³ 
15 ./  ³ 30 

/  = 3 

0.007 ./  ³ 15
./  ³ 30 /

 = 3 
 

¶  5.2 ./  ³ 5 ./
. ³ 30 /  

= 650 

3.5 ./  ³ 5 
./ . ³ 30 /

 = 433 

2.6 ./  ³ 5 ./
. ³ 30 /  

=325 
¶  0.40 ./  ³ 30 

/  ³ 50 ./
.=625 

0.40 ./  ³ 30 
/  ³ 50 
./ .=625 

0.40 ./  ³ 30 
/  ³ 50 ./

. =625 
¶  1,707* 1,707* 1,707* 

 -973 -1,440 -1,696 
* -1 -3 
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4-14 
90 1: 10 (g/ml) 

 
 1 2 

1.  ( ) 5.2 5.2 
2. ( )   

¶  0.375 0.375 
¶  0.375 0.375 
¶  1.5 1.5 
¶  0.375 0.375 
¶  0.18 0.18 
¶  10 10 
¶  10 10 

3. Fructooligosaccharide  ( ) 0.1286 0.1286 
4. Gallic acid ( ) 0.009 0.009 
5.  1 1 
6.  300 300 
7.  ( / ) 0.5 0.5 
8. ( ) 2,400 2,400 
9.  155,400 155,400 
10.  ( ) 0.25* 0.25* 
11.  ( ) 5,000** 5,000** 

:  *  99  
                **  
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4-15 - 1 
2  

 

 
( ) 

1 2 

Fructo-oligosaccharide 
( ) 

0.1286 ./  ³ 2,400 
/  ³ 500 ./ .=154,320  

0.1286 ./  ³ 2,400  
/  ³ 500 ./ .=154,320  

Gallic acid ( ) 0.009 ./  ³ 2,400 /
³15 ./ =324  

0.009 ./  ³ 2,400 /  
³ 15 ./ =324 

    

  5.2 ./  ³ 2,400 /   
x5 ./ =62,400  

- 

  0.25 ./  ³ 2,400 /  
³ 50 ./ . = 30,000  

0.25 ./  ³ 2,400 /  
³ 50 ./ . = 30,000  

  182,976*  182,976*  

  5,000  5,000  

  161 ./  ³ 300 /  = 
48,300  

161 ./  ³ 300 /  = 
48,300  

 -174,032  -111,632  

: *  
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 4-15 

30 /
( 10 ) 

 
 

4.5.2  

3000 

 2  
 1 5 /  

 
2  

( )   
4-16 -

4-17 
155,400 60 

3000 7,770,000  
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4-16 
90 1: 10 
 

 

 1 2 

1.  ( ) 300 300 
2. ( )   

¶ Heater 2.2 2.2 
¶  ( 200 ) 40 40 
¶  1.5 1.5 
¶  0.18 0.18 

3. Fructooligosaccharide  ( ) 7.418 7.418 
4. Gallic acid ( ) 0.99 0.99 
5.  2 2 
6.  8 8 
7.  300 300 
8.  ( ) 0.5 0.5 
9. ( ) 2400 2,400 
10.  7,770,000 7,770,000 
12.  1,579 1,579 
11.  ( ) 2* 2* 
12.  ( ) 250,000** 250,000** 

:* 99  
                **  
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4-17 - 1 
2  

 
( ) 

1 2 

Fructooligosaccharide 
( )  

7.418 ./  ³ 2,400 /   
³ 500 ./ . = 8,901,600  

7.418 ./  ³ 2,400 /
³500 ./ . = 8,901,600  

Gallic acid ( ) 0.99 ./  ³ 2,400 /   
³ 500 ./ . = 35,640  

0.99 ./ ³2,400 /   
³ 500 ./ . = 35,640 

    
 ( ) 300 ./ ³ 2,400 /  ³ 5

./ . = 3,600,000  
- 

 ( ) 15 /  ³ 2,400 /  ³ 50 
./ . = 1,800,000  

15 /  ³ 2,400 /  ³ 
50 ./ . = 1,800,000  

 ( ) 4,318,483  4,318,483  
 ( ) 250,000  250,000  

 ( ) 161 ./  ³ 2 /  ³ 300 /
 = 96,600  

161 ./  ³ 2 /  ³ 300
/  = 96,600  

  -1,127,843  2,472,157  
 
 4-17 5 /

3 3 
4-18  

4-19 3 
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4-18  
 

 ( ) ( ) ( )  

1 7,770,000 78,948 -1,127,843 - 
2 7,770,000 78,948 2,472,157 3 3  

 
4-19  

 

  
( ) 

2 

( ) 
 

(5%)   

1  7,770,000  2,472,157 0.952 2,353,493 -  
2  78,948 2,472,157 0.907 2,242,246 -  
3   2,472,157 0.864 2,135,944 -  
4   2,348,549 0.823 1,932,856 +  
5   2,348,549 0.784 1,841,263 +  
6  2,348,549 0.746 1,752,018 +  
7  2,348,549 0.711 1,669,818 +  

  7,770,000      
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5 
 

 
 
5.1  
 

RSM  BBD 

  ( 50 
) 90  

 1:20 (g/ml) 30 27.49 
              

 3.01  
 

30  
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1.  (Total Sugars)  Modified Phenol Sulfuric 

Method (Dubois et al., 1956) 

 

1.1 
(1) (Micropipette) 2-20  20-200 

(2) (Multichannel Pipette) 2-20 20-200  

 (3) 96 Well Microtiter Plate 

(4) Microtiter Plate Reader 

(5) 5  



94 
 

(6) 98  

 

-  5  

 25 50 500 
 

 

1.2 
 

-
(1) Stock 1000 100 

0.1 100   

(2) 0, 100, 200, 300, 400, 500, 600, 800 

1000  10  Stock 

1000  1, 2, 3, 4, 5, 6, 8 10 

 10  

 

 

- 

(1)  25 

Microplate 96  

  (2) 5  25  

Microplate 96  Microplate 500 30 

 

(4) 98 125  Microplate 96  

500 30  

(5) Microplate 

80 30  

(6) Plate  Microplate 
492  Microtiter Plate Reader 
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 - 1 

 

 

 
 

-1  

 

 

 

1.3   

-  

 10 

-  

1)  25 Microplate 96  

  (2) 5  25  

Microplate 96  Microplate 500 30 

 

(4) 98 125  Microplate 96  

500 30  
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(5) Microplate 

80 30  

(6) Plate Microplate 
492  Microtiter Plate Reader 

( -1)  
 

2. (Reducing Sugars)  Modified Dinitrosalicylic 

Acid (Miller, 1959)  

 

 2.1 

(1) (Micropipette) 2-20  20-200 

(2) (Multichannel Pipette) 2-20 20-200  

 (3) 96 Well Microtiter Plate 

(4) Microtiter Plate Reader 

(5) Dinitrosalicylic Acid   



126 
 

 
 

-  Dinitrosalicylic Acid 

    Dinitrosalicylic Acid  

3,5-Dinitrosalicylic Acid  1%  w/v 

Phenol    0.2%

 w/v 

Sodium sulfite   0.05% w/v 

Sodium hydroxide  1% w/v 

Sodium potassium tartrate 20% w/v  
2.5 200 

Dinitrosalicylic Acid 2.5 , 0.5 , 0.125 , 
2.5 50 Magnetic 

Stirrer 250  

 

2.2 
 

-  

(1) Stock 1000 100

0.1 100   

(2) 50, 100, 150, 200, 250, 300, 350, 400, 

450, 500, 550 600  5  Stock 

1000 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5 

6.0 10  

 

- 

 (1)  100 

Microplate 96  

(2) Dinitrosalicylic Acid  100  

Microplate 500 30  



126 
 

 
 

(3) Microplate 

80 30  

(4) Plate Microplate 
575  Microtiter Plate Reader 

 - 2 

 

 

 
-2  

 

2.3  

-  

( 10 

 

-  

 (1)  100 Microplate 96  

(2) Dinitrosalicylic Acid  100  

Microplate 500 30  
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(3) Microplate 

80 30  

(4) Plate Microplate 
575  Microtiter Plate Reader 

( -2) 
 

3.  (Non-Reducing Sugars) 
 

 (Non-Reducing Sugars) 

 

1 

 

Re ReNon ducing Sugars Total Sugars ducing Sugars- = -   
   (1) 

 

4. (Total Phenolics)  Folin-

Ciocalteu Method (Soong et al., 2004)  
 
 4.1  

(1) (Micropipette) 2-20  20-200 

(2) (Multichannel Pipette) 2-20 20-200  

 (3) 96 Well Microtiter Plate 

(4) Microtiter Plate Reader 

(5) Folin-Ciocalteu Reagent 

 (6)  

 

-  

 20 80 
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24 100 

 

 

 

4.2 

-
(1) Stock 2000 100 

0.2 100   

(2) 0, 150, 300, 450, 600, 750, 900, 

1050, 1200, 1400, 1600, 1800 2000  10  Stock 

2000  0, 0.75, 1.5, 2.25, 3, 3.75, 4.5, 

5.25, 6, 7, 8, 9, 10 10  

 

- 

(1)  2 

Microplate 96  

(2) 158  Microplate 500 
30  

(3)  Folin-Ciocalteu Reagent 10  

Microplate 500 30  
5  

(4)  30  
Microplate 500 30 

2  

(5) 765  Microtiter Plate 

Reader  - 3 
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-3  

 

 

4.3  

-  

( 5 

-  

(1)  2 Microplate 96  

(2) 158  Microplate 500 
30  

(3)  Folin-Ciocalteu Reagent 10  

Microplate 500 30  
5  

(4)  30  
Microplate 500 30 

2  
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(5) 765  Microtiter Plate 

Reader ( -3) 
5. 

 

 

(Gas chromatography, GC)  

 

5.1  

(1) (Gas chromatography, GC)  

(2) 99.9  

 

- 
4, 8, 12, 16, 20 50 

( ) 10  99.9  0.4, 0.8, 

1.2, 2.0  5 10  

 

5.2 
 

-1  (Peak)  

-4  

 

-1 (GC) 
 

 Condition 

Inlet temperature 270 C 

Carrier gas He ,flow 1.0 ml/min, Splitless mode 1.0 min  



126 
 

 
 

Oven temperature  Initial temperature 50 C held  for 10 min 

Column HP-Innowax, length 30 m, internal diameter 0.32 

mm and film thickness 0.25 mm 

 

 
 

-4  
 

 

5.3 
-1  

(Peak) ( -4) 
 

6.  (Moisture content) ASTM D 3173  
 

6.1  

(1) (Drying oven) 

(2) (Moisture can)  

  (3)  
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(4) (Desiccator) 

 

 

 

6.2  

(1)  (Moisture can) (Drying oven) 104-110 
1 (Desiccator) 

15-20  

(2) 1 Moisture can  

(3) 104-110 24 
15-20 

 

(5)  ( -1) 

 

 

  (%) = 100                  ( -1) 
   

A =  ( ) 

         B = ( ) 
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