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  glucose fructose  sucrose  

  fructose   glucose  sucrose  

 fructose  glucose  sucrose  8.25 5.98  4.06 g/100ml juice 

   6.07  4.52  2.09 g/100ml juice 

 4.85 2.28  2.12 g/100ml juice  fructose  

glucose  sucrose   0.21 0.33  0.12 g/100ml juice  

0.15 0.26  0.16 g/100ml juice    citric malic  oxalic 

    citric   malic  

oxalic   oxalic  citric malic 

 oxalic   4.62 1.05  0.09 g/100ml juice 

  4.71 0.96  0.04 g/100ml juice 

    

3.08 0.56  0.02 g/100ml juice   2.24  0.36  0.01 g/100ml juice 

 citric  malic   1.10 0.15 g/100ml juice  

 oxalic  

  -tocopherol  ascorbic acid   

dehydroascorbic   -tocopherol   42.12 

ng/g FW   37.02  34.35 ng/gFW 

   25.75  14.08 ng/g FW 

  ascorbic  ascorbic  88.29 

mg/100g FW  ascorbic 

 72.18  68.22 mg/100g FW   

49.50  46.07 mg/100g FW  

 dehydroascorbic   ascorbic 

 dehydroascorbic  11.87 mg/100g FW  

   9.15 8.45 4.38  2.82 mg/100g FW  

  (flavonoids)  (anthocyanins)  
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 flavonoid  4   Naringin Narirutin Hesperidin  

Neohesperidin  Naringin   Hesperidin Narirutin  Neohesperidin 

  flavonoid    5.75  2.20 1.02  0.76 

g/ml juice    4.02 1.95 0.85  0.35 g/ml juice 

  flavonoid  2.65  0.56 0.11  0.09 

g/ml juice  flavonoid  4   2.05 0.48 0.09 

 0.05 g/ml juice  1.88 0.40 0.06  0.04 g/ml juice   flavonoid 
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Abstract 

 

Project Code : RDG5420044 

Project Title : Nutritional Values and Bioactive Compound Contents in Citrus Family Locally 

Cultivated in Southern Thailand 

Investigator : Assist. Prof. Dr. Samak Kaewsuksaeng  

  Dr. Peerapong Sangwanangkul 

E-mail Address :samak@tsu.ac.th 

Project Period : 1 June 2011-31 May 2012 

There are a number of Thai tropical fruits available in sounthern especially 

Nakhonsrithamarat Phatthalung Songkla Yala and Nalathiwas for domestic and international 

markets. Besides the favorable taste, fruits are thought to be nutritious and a rich source of 

bioactive compounds such as antioxidants and vitamins. However, there is lack of scientific data on 

bioactive compounds in many of Thai fruits. The aim of this research was to identify type and 

quantity bioactive compounds in selected popular Thai fruits namely, lime, pummelo and citrus. 

Determinations included physical characteristic as fruit weight and hue angle, glucose fructose and 
sucrose contents, citric malic and oxalic acid contents. Antioxidant activities of the fruits were also 

measured by -tocopherol ascorbic acid and dehydroascorbic including flavonoid and 

anthocyanin. Two varieties of limes: Paan and Nhung, a varieties of pummel as Tubtimsiam and 

two kind of citrus: Juk and Chonkun, were studied in this research.  

For the physical charateristic, varieties of limes: Paan showed fresh weight per fruit and 

hue angle had higher than Nhung, while Tubtimsiam pummelo had highest of fresh weight per fruit 

following by citrus in Juk and Chonkun, respectively. Hue angle was found to be significantly 

highest Juk citrus compared to other fruits.  

For the sugar contents, the most sugar in citrus family was fructose, followed by glucose 
and sucrose. The results found the highest amount in Chonkun citrus as 8.25 5.98 and 4.06 
g/100ml juice, respectively. While, the Tubtimsiam pummelo had 6.07 4.52 and 2.09 g/100ml juice 
with Juk citrus had 4.85 2.28 and 2.12 g/100ml juice. For the lime fruits; Paan showed the fructose  
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glucose and sucrose contents as 0.33 0.21 and 0.12 g/100ml juice and Nhung had 0.15 0.26 and 

0.16 g/100ml juice, respectively.  

 For organic acid content, the most organic acid in citrus family was citric, followed by malic 
and oxalic. While, oxalic acid did not found in the Tubtimsiam pummelo. Lime fruit as Paan showed 

organic acid content as 4.62 1.05 and 0.09 g/100ml juice, while, in Nhung was 4.71 0.96 and 0.04 
g/100ml juice. However, it was not different in both cultivars. Lime fruit was found to be significantly 

highest in organic acid, followed by Juk, Chonkun citrus and pummel, respectively.  
For antioxidant activities, Tubtimsiam pummelo (42.12 ng/g FW) was found to be 

significantly highest in -tocopherol  followed by Chonkun (37.02 ng/g FW), Juk citrus (34.35 

ng/g FW), Paan (25.75 ng/g FW)  and Nhung limes (14.08 ng/g FW), respectively. While, the 

ascorbic acid was found to be highest in Chonkun citrus (88.29 mg/100g FW), followed by Juk 

citrus (72.18 mg/100g FW) and Tubtimsiam pummel (68.22 mg/100g FW) and the lowest was 

Paan (49.50 mg/100g FW) and Nhung lime (46.07 mg/100g FW). The most predominant flavoniod 

in citrus family was 4 types of Naringin Hesperidin Narirutin and Neohesperidin. Naringin was 

found to be significantly highest in Paan lime (5.75 g/ml juice), followed by Nhung limes (4.02 

g/ml juice), Tubtimsiam pummelo (2.65 g/ml juice) and the lowest was Juk (2.05 g/ml juice) and 

Chonkun citrus (1.88 g/ml juice). 

In conclusion, this research has demonstrated that Thai limes: Paan and Nhung, a varieties 

of pummel as Tubtimsiam and two kind of citrus: Juk and Chonkun, were rich of important 

bioactive components especially -tocopherol, ascorbic acid and dehydroascorbic including 

flavonoid and anthocyanin compounds with potent antioxidant activities. 
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 (soluble dietary fibers)       
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 ( , 2545)   
  

     (Loft , 2008; Pascual-Teresa  Sanchez-
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Ballesta, 2008)     
antioxidant  antimicrobrial   (Tsuda, 2000) 
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 (Citrus maxima(Burm.) Merr)  (sub-tropical fruit)  Rutaceae  

l     
     

  
   .  

 ( )      
  

     

 16-22   ( )    
( , 2552)  (2551)  
100   41   0.5   8.8   0.7   
21    26   1 0.07   2 0.02  

 0.4   60    
 (2552) 

 
   

 67.5   700-800    
 

    
 ( , 

2552) 

 

 
 . . 2550  162,747    6,489  

.     ( , 2550) 
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1.   

2.    citric malic  oxalic 

3.    sucrose glucose  fructose 

4.  -tocopherol    

5.  ascorbic   dehydroascorbic   

6.  flavanoid   

7.  anthocyanin  

 

-  

  

Sucrose 

Glucose 

Fructose 

 

Citric 

Malic 

Oxalic 

-

tocopherol 

ascorbic   
dehydroascorbic 

flavonoid anthocyanin 

 
      

 

     - 

      - 

      - 

 

  1.2  
 

 1.2.1    
 Hue angle 
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  (Colorimeter) 

  Hunter’s scale ( )   

-  L (Lightness)   0  100  L  

   L    

-  b  -  

-  a  -  

-  Hue angle   
 (  1)   

Hue angle (H0) = (tan-1 b/a)     a > 0   b  0 

Hue angle (H0) = 1800 + (tan-1 b/a)    a < 0 

Hue angle (H0) = 3600 + (tan-1 b/a)     a  >  0  b < 0 
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 1. Hue angle  CIELAB 

 

 -     
 -80°C   

 1.2.2  

   15 ml  70%  35 ml 
 15   Whatman filter paper      

 50°C  evaporator    
 4 ml    Lichrocart    
  Mightysil RP-18 GP 250     

        membrane filter  
0.45 m  HPLC 
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 1.2.3  -tocopherol 

  -tocopherol  Speek  (1985)   3-5 
   (saponification flask)  10% ascorbic acid  10 

  2 M ethanolic potassium hydroxide (KOH)  50     
 30     70  hexane 

 2    2     
(separating funnel)  5% (w/v) KOH  50   2  hexane 

 35    hexane  10% (w/v) sodium chloride  
100    100   alkali    

 rotary evaporator  37 
  chloroform  1    methanol  1 

  

 -tocopherol    
 HPLC-PAD (LC-20AT prominence liquid chromatograph (Shimazu, Japan) - SPD-M20A 

Diode array detector (PAD))   Junka  (2007)    Inertsil ODS-3 column 

(5 m 4.6 x 250 mm  S/N 5FI86218)  Solution programme (Shimazu, Japan) 

 mobile phase  acetonitrile (CH3CN):tetrahydrofuran (THF):methanol 

(CH3OH):triethylamine (TEA),  80:40:6:0.1 (v/v/v/v)   0.2% ammonium acetate 

 1.0   292 nm 

1.2.4  ascorbic   dehydroascorbic 

 ascorbic   dehydroascorbic  Roe  (1948)  

 ascorbic  25   Metaphosphoric acid  5  

 10  homogenize   1 

 10  Metaphosphoric acid   0.4  

 Indophenol  0.2   Thiourea 2.0   0.4   DNP 

2.0   0.2  (blank  DNP)  37   

 3   Sulfuric acid 85  (blank  DNP  0.2  ) 

 30   Spectrophotometer 

 540   blank  Meta-phosphoric acid  5  
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  mg/100g FW 

 Ascorbic acid 

 Dehydroascorbic acid   

0.4     Meta-phosphoric acid  5  

 0.2   Thiourea  2.0   0.4   

DNP  2.0   0.2  (blank  DNP) 

 Water bath   37   3   

Sulfuric acid  85  (blank  DNP  0.2 ) 

  30   Spectrophotometer 

 540   blank  Meta-phosphoric acid  5 

    mg/100g FW 

 Ascorbic acid  

540  

 

 1.2.5  flavonoids  anthocyanins 

  flavonoids  anthocyanins  Junka  (2007)  Wang 
 (2009)  3 – 5    80%  20 ml  

0.2%  4°C  6   Whatman filter paper    
2     35°C 

 evaporator    3%    
C18 Sep-Pak cartridge (Waters)  3%     

    flavonoids  anthocyanins 
 3%   membrane filter  0.45 m  HPLC 

  flavonoids  anthocyanins  HPLC-PAD (LC-20AT 

prominence liquid chromatograph (Shimazu, Japan) - SPD-M20A Diode array detector (PAD))  
 Junka  (2007)   Inertsil ODS-3 column (5 m 4.6 x 250 mm  S/N 5FI86218) 

Solution programme (Shimazu, Japan)   flavonoids  anthocyanins 
 gradient solutions  solvent A (4% phosphoric acid)  solvent B (100% 

acetonitrile)  3000 psi  0.7 ml/min   250 and 

550 nm     Naringin Narirutin Hesperidin  Neohesperidin 
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 5  (  1)   2  (‘ ’  
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 1   

 

                                                              1/ 

                                      Hue angle  

                                       (g)                                    

         57±1.63 a                  113.27±1.29b            

              48±1.27a                 110.60±1.22b 

         1,602±40.22d                       99.71±1.12a         

    248±2.23c                  120.53±1.15c 

    186±3.13b                  105.78±1.09a 

 

1/  (n=5)  

abcd..  (p < 0.05)  

 

 5  (  2)  glucose fructose  

sucrose    fructose  

 glucose  sucrose   fructose  glucose  sucrose 

 8.25 5.98  4.06 g/100ml juice  

  6.07  4.52  2.09 g/100ml juice  4.85 2.28  2.12 g/100ml juice 

 fructose  glucose  sucrose   0.21 0.33 0.12 g/100ml 

juice  0.15 0.26  0.16 g/100ml juice  
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 2  

 

                                                              1/ 

                  glucose   fructose   sucrose   

                           (g/100ml juice)               (g/100ml juice)              (g/100ml juice) 

        0.21±0.24a                   0.33±0.14a          0.12±0.09a  

        0.15±0.31a                   0.26±0.22a          0.16±0.11a    

      4.52±0.26c              6.07±0.15b                    2.09±0.16b 

        2.28±0.19b                4.85±0.24b                    2.12±0.10b 

                     5.98±0.16c               8.25±0.18c                    4.06±0.10c 

 

1/  (n=5)  g/100ml juice  

abc..  (p < 0.05)  

 

 5  (  3)  citric malic  

oxalic     citric   

malic  oxalic   oxalic  

citric malic  oxalic   4.62 1.05  0.09 g/100ml juice 

  4.71 0.96  0.04 g/100ml juice 

  

  3.08 0.56  0.02 g/100ml juice   2.24  0.36  0.01 g/100ml juice 

 citric  malic   1.10 0.15 g/100ml juice 

  oxalic  
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 3  

 

                                                              1/ 

                   citric acid  malic acid  oxalic acid 

                              (g/100ml juice)              (g/100ml juice)             (g/100ml juice) 

            4.62±0.26c            1.05±0.11c            0.09±0.01a          

            4.71±0.15c             0.96±0.14c  0.04±0.02a         

           1.10±0.16a        0.15±0.08a                    -     

            3.08±0.18b             0.56±0.13b  0.02±0.02a         

                 2.24±0.15ab             0.36±0.14b  0.01±0.01a         

 

1/  (n=5)  g/100ml juice  

abc..  (p < 0.05)  

-   

 (bioactive compounds)   

 (phenolic compound)     

      

    

 (Park , 2006)   -

tocopherol  ascorbic acid   dehydroascorbic   

  
 5  (  4)  -

tocopherol  ascorbic acid   dehydroascorbic   -

tocopherol   42.12  37.02  34.35 ng/gFW 
 -tocopherol   lipid soluble 

compounds   
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 sponification  potassium hydroxide 

  

 25.75  14.08 ng/g FW 

  ascorbic  ascorbic  88.29 mg/100g FW 

 ascorbic  72.18  

68.22 mg/100g FW   49.50  46.07 

mg/100g FW   

dehydroascorbic   ascorbic 

 dehydroascorbic  11.87 mg/100g FW   

  9.15 8.45 4.38  2.82 mg/100g FW   

 4  -tocopherol  ascorbic acid   dehydroascorbic  

 

                                                              1/ 

                 -tocopherol       ascorbic acid       dehydroascorbic 

                               (ng/g FW)               (mg/100g FW)                (mg/100g FW)               

       25.75±0.54b                    46.07±0.42a  2.82±0.25a  

       14.08±0.09a                    49.50±0.39a            4.38±0.21b  

      42.12±0.16d               68.22±3.11b                   8.45±0.78c 

       34.35±0.16c               72.18±1.23b                   9.15±0.87c 

       37.02±0.57c               88.29±1.05c                   11.87±0.65d 

 

1/  (n=5)  (ng/g FW)     ascorbic acid  dehydroascorbic  
(mg/100g FW)     

 abcd..  (p < 0.05)  

       



26 

 

 flavonoid  2  

 2   HPLC  (  5)  flavonoid  4 

  Naringin Narirutin Hesperidin  Neohesperidin  Citrus nagato-

yuzikichi (Yamauchi et al., 2002)  Naringin   

Hesperidin Narirutin  Neohesperidin   flavonoid 

   5.75  1.02 2.20  0.76 g/ml juice    4.02 

0.85 1.95  0.35 g/ml juice   flavonoid 

 2.65  0.11 0.56  0.09 g/ml juice  flavonoid  4  

 2.05 0.09 0.48  0.05 g/ml juice  1.88 0.06 0.40  0.04 g/ml juice 

  flavonoid  

 5  flavonoid  

 

                                                              1/ 

                  Naringin  Narirutin Hesperidin Neohesperidin 

                           ( g/ml juice)          ( g/ml juice)       ( g/ml juice)       ( g/ml juice) 

        5.75±0.05b             1.02±0.08b 2.20±0.14b  0.76±0.06b         

        4.02±0.08b            0.85±0.07b 1.95±0.09b  0.35±0.09b  

       2.65±0.06a            0.11±0.03a      0.56±0.02a  0.09±0.01a   

        2.05±0.07a            0.09±0.02a       0.48±0.03a  0.05±0.02a 

                            1.88±0.08a            0.06±0.02a       0.40±0.07a  0.04±0.05a 

 

1/  (n=5)  ( g/ml juice) 

abc..  (p < 0.05)  

 



27 

 

– 

  Cyanidin-3-glucoside 

 154.35 g/g FW 
  anthocyanin  Cyanidin-3-glucoside 

  2  2  
 (  6) 

 

 6  

 

                                                              1/ 

                      anthocyanin    

                                          ( g/g FW)                

                       -                          

                           -       

                                         154.35±10.12 

            - 

                                  - 

 

1/  (n=5)  ( g/g FW)     

abc..  (p < 0.05)  

 -   
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A 

 

 

 

 

1. Chromatogram  sugar (fructose glucose  sucrose)  

 0.5% (A)  3  

 

Retention time 7.08= fructose 

      8.02=glucose 

           11.22=sucrose 

 

2. Chromatogram  (B) 
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B 

C 

 

 

 

 

3. Chromatogram  (C) 

 

4. Chromatogram  (D) 
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D 

E 

 

 

 

 

 

 

 

 

5. Chromatogram  (E) 
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F 

6. Chromatogram  (F) 

 

 

 

 

 

2. Chromatogram  organic acid (Malic citric  oxalic) 

Retention time 3.44= malic (A)  0.05%  

      4.84=citric (B)  0.05% 

           5.56=oxalic (C)  0.01% 
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A B C 

 

 

 

 

 

 

 

 

1.1 Chromatogram  (A)  (B) 

 (C)  (D)  (E) 
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A  B        C   D  E 
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2. Chromatogram  -tocopherol  0.1 ppm 

  
2.1 Chromatogram  (A)  (B) 

 (C)  (D)  (E) 

A 
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B 

 

C 

 

 

 

 

 

 

D 
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E 

 

 

 

 

 

 

 

3. Chromatogram  flavaniod  (A)  (B) 

 (C)  (D)  (E) 
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Retention time 5.28= Neohesperidin  

      24.26= Hesperidin  

           26.06= Naringin  

          34.22= Narirutin  

 

                          A                                                B                                       C 

 
 

 

 

 

 

 

 

 

 

 

 

                       D    E 
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5.Chromatogram  anthocyanin  
Cyanidin-3-glucoside 5 ppm (A)  (B) 

Retention time = 26.97 

 

A    B  
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Gantt chart 
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.  .
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1.2 

 

1.2.1 
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 1 
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 2 
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 Output 

Outputs  

 /  (%) 

1.

  

1.1  

 

1.1.1  

1.1.2 hue angle 

1.1.3  sucrose glucose 

fructose 

1.1.4  citric malic 

oxalic 

1.1.5 -tocopherol 

1.1.6 ascorbic   dehydroascorbic 

1.1.7 Anthocyanin 

 

 

 

1.2  

 

1.2.1  

1.2.2 hue angle 

1.2.3  sucrose glucose 

fructose 

1.2.4  citric malic 

oxalic 

1.2.5 -tocopherol 

1.2.6 ascorbic   dehydroascorbic 

 

 

 

 

 

 

100% 

100% 

100% 

 

100% 

 

100% 

100% 

100% 

 

 

 

 

 

100% 

100% 

100% 

 

100% 

 

100% 

100% 

 

 

 

 

 

 

- 

- 

- 

- 

- 

- 

- 
- 

 .   

 

 
 

- 

- 
- 
- 
- 
 

    - 



45 

 

1.2.7 Flavonoid 

1.2.7 Flavanoid 

1.3  

 

1.3.1  

1.3.2 hue angle 

1.3.3  sucrose glucose 

fructose 

1.3.4  citric malic 

oxalic 

1.3.5 -tocopherol 

1.3.6 ascorbic   dehydroascorbic 

1.3.7 Flavonoid 

2.  

3.  

4.  

100% 

 

 

100% 

100 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

- 

50% 

  HLPC 

 . . 

2554  

 . . 

2555 

 

 

 

 

 

 

 

 

 

 

 


