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54303209 : MAJOR : BIOLOGY
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SOLUTION
WIMONMAS  PAMORNKOL : PROLONGING THE VASE LIFE OF DENDROBIUM 

SONIA "EARSAKUL" USING SOME CHEMICALS AND ESSENTIAL OILS. THESIS ADVISOR : 
KORAKOT CHANJIRAKUL, Ph.D. 196 pp.

Effects of aluminium sulfate (Al2(SO4)3) aluminium nitrate (Al(NO3)) aluminium 
chloride (AlCl3) salicylic acid (SA) and essential oils on vase life of Dendrobium Sonia 
‘Earsakul’ were studied. The result revealed that three aluminium salt compounds increased
water uptake, bud opening and delayed petal wilt. The vase life of inflorescences held in 
Al2(SO4)3 75 mg/L, Al(NO3) 100 mg/L and AlCl3 100 mg/L were 11.10, 10.40 and 10.40 days,
respectively. The combinations of aluminium compounds with 8-HQS and sucrose were 
studied. The treatment of Al2(SO4)3 25 mg/L + 8-HQS 225 mg/L + sucrose 4% showed the 
longest vase life (13.60 days) and it showed significant difference compared with control. 
Treatments using SA alone were exhibited their vase life around 6-9 days. SA 25 mg/L 
showed the highest vase life for 8.80 days. The higher concentrations of SA resulted in 
shorten vase life, decreased bud opening and showed lower water uptake. In addition,
treatment of 225 mg/L 8-HQS and 4% sucrose improved water uptake and increased
inflorescence fresh weight especially, 100 mg/L SA extended the inflorescence vase life 12.90 
days. Five difference types of essential oils were studied. There were no significant 
differences of vase life essential oils compared with control and essential oils limited microbial
populations in vase solution and also delayed senescence of inflorescences, every treatments 
decreased water uptake. The comparison of vase solution from every treatment with 
commercial solution (Florbella®) showed better bud opening more than commercial solution. 
Whereas SA 25 mg/L of galangal oil, mint oil tea tree at 75, 50 and 100 mg/L percentage of 
bud opening had no significant differences with Florbella®. MDA contents and the microbial 
populations in vase solution of all treatments showed no significant differences. It was found 
that the lowest MDA content found in 50 mg/L mint oil. The lowest microbial populations was 
found in SA 100 mg/L + 8-HQS 225 mg/L + sucrose 4% (6.81 logCFU / ml). The cross section 
of orchids peduncles after 7 days were found vascular bundle blockage, especially, using 
some chemicals. 
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Kiamohammadi and Hashemaabadi (2011)  

160 Jowkar et al. (2012  

Cherry Brandy 

 1-4 

 

300  

  

sodium dichloroisocyanutrate; DICA) 

  (benzalkoniumchloride)  Physan-20  200-300 

 (  7) 

phenolic compound) 

(Khenizy et al.  

 

 -  

 ( ; 2555)  

Colletotrichum musae Lasiodiplodia theobrome Fusarium sp. 

( 2552) (Brassica 

oleracea var. alboglabra) ; 2555)  

catalase (CAT) superoxide dismutase (SOD) 

(anthurium: Anthurium andraeanum L.) (Promyou et al  

 

et al.  

secondary metabolites) 

secretory cells) cavities) 

(canals) glandular trichomes) epidermic cells)
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glycosides 

  

1) (terpenes) 

isopene (C5H8) terpenes 

cytoplasm mevalonic acid pathway acetyl CoA 

terpenes monoterpenes (C10H16) sesquiterpenes (C15H24) 

diterpenes (C20H32) triterpenes (C30H40) p-

sabinene pinene  monoterpenes diterpenes 

plastides  geranyl diphosphate (GPP) sesquiterpenes triterpenes 

cytosolic synthesis  farnesyl diphosphate (FPP) 

 

2) t terpenes 

methyl group  1-deoxy-D-xylulose-5-phosphate (DOXP) 

pathway isopentenyl diphosphate (IPP)  dimethylallyl diphosphate (DMAPP) 

Thymol carvacrol linalool menthol geraniol linalyl acetate 

citronellal  piperitone  

(phenylpropenes)  6-carbon aromatic phenol group 3-

carbon propene cinnamic acid 6B eugenol isoeugenol vanillin safrole 

cinnamaldehyde phenylpropenes  shikimic acid pathway 

cinnamic acid  
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6 phenylpropenes 

(B) ) 

hydroxyl 

group   

 

     

  
 

A B 
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7  

( et al. ) 

 2550) 5 

 (Zingiber officinal Roscoe)  (Alpinia galanga Swartz)  (Curcuma longa)  

(Boesenbergia pandurata)  (Amomum xanthioides) 

Aspergillus flavus (Arachis hypogaea L.)  

Aspergillus flavus 100 12  
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 (2551)   Sclerotium 

rolfsii  Pyricularia oryzae ) 

Curvularia lunata  Colletotrichum gloeosporioides 

)  100  

2555) 9 

Bergamot) Citronella) Cinnamon) Kaffir 

lime) Lime) Lemongrass) Peppermint)  (Sweet basil) 

Tea tree

“Grand Gala”  

   

2557)  

 Grand Gala 

 ( ) 

 (8.0  5.9  

 

Bazaz and Tehranifar (2011)  thyme: Thymus 

vulgaris L.) peppermint: Mentha piperata L.) black cumin: Bunium 

persicum (Boiss.) B. Fedtsch) 50 

(Alstroemeria peruviana ‘santorini’)  

Jing et al. (2011)  

Cinnamomun osmophloeum Kaneh. cinnamaldehyde 

(CA) 

2.8 peroxidases (POD)

superoxide dismutases (SOD) catalases (CAT) MDA 

 

Samiee et al. (2013)   30 Artemisia oil 

Denderanthem grandiflorum L.) 

 

 



 
 

 

 23 

 

3 

 

 
1.   

1.1  
  ‘ ’ (Dendrobium Sonia ‘Earsakul’)  

1.2  
  1.2.1 (Sucrose) 

  1.2.2 (Al2(SO4)3) 

  1.2.3  (Al(NO3)) 

  1.2.4 AlCl3) 

  1.2.5 (SA) 

  1.2.6 Alpinia galanga: galanga) 

  1.2.7  (Mentha arvensis: mint) 

  1.2.8 Malalouca altermifolia: tea tree) 

  1.2.9 Ocimum tenuiflorum: holy basil) 

  1.2.10 Alpinia gaianga: cinnamon) 

  1.2.11 8-Hydroxyquinoline sulfate (8-HQS) 

  1.2.12 Nutrient broth (NB) 

  1.2.13 2-Thiobarbituric acid (TBA) 

  1.2.14 Trichloroacetic acid (TCA) 

  1.2.15 (Florbelle®) 

  1.2.16 Peptone (Criterion®)  

  1.2.17 10 % Ethyl alcohol 

  1.2.18 Tween -20
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 24   
 

  1.2.19 Agar (Criterion® bacteriological grade) 

  1.2.20 Phosphate buffer pH 7.8 

1.3  

3  

  3  

  3  

  3  

  3  

  3.6  

  1.3.7  

  1.3.8  

  1.3.9  

  1.3.10  

  1.3.11  

1.4  
4   

  4   

  4   

  4 –   

  1.4.5   

  1.4.6  

  1.4.7  

  1.4.8  

  1.4.9  

  1.4.10  

  1.4.11  
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2.  
  ‘ ’ (Dendrobium Sonia 

‘Earsakul’)  

1 

12 

 

10 1 1 25±1 

completely randomized design (CRD) 10 

1  
 

1  
‘ ’ 

1.1   .
‘ ’ 

pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

  Al2(SO4)3 25  

  Al2(SO4)3 50  

  Al2(SO4)3 75  

  Al2(SO4)3 100  
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1.2   
225 4% 

‘ ’ 
pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

Al2(SO4)3 25  8-HQS 225  4%  

Al2(SO4)3 50  8-HQS 225  4%  

Al2(SO4)3 75  8-HQS 225  4%  

Al2(SO4)3 100  8-HQS 225  4%  

 

1.3   .
‘ ’ 

pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

  Al(NO3) 25  

  Al(NO3) 50  

  Al(NO3) 75  

  Al(NO3) 100  
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1.4   
225 4% 

‘ ’ 
pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

Al(NO3) 25  8-HQS 225  4%  

Al(NO3) 50  8-HQS 225  4%  

Al(NO3) 75  8-HQS 225  4%  

Al(NO3) 100  8-HQS 225  4%  

 
1.5   

‘ ’ 
pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

  AlCl3 25  

  AlCl3 50  

  AlCl3 75  

  AlCl3 100  
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1.6   
225 4%  

‘ ’ 
pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

AlCl3 25  8-HQS 225  4%  

AlCl3 50  8-HQS 225  4%  

AlCl3 75  8-HQS 225  4%  

AlCl3 100  8-HQS 225  4%  

 

2  
‘ ’ 

2.1   .
‘ ’ 

pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  
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  SA 25  

  SA 50  

  SA 75  

  SA 100  

 

2.2  . 
225 4% 
‘ ’ 

pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

SA 25  8-HQS 225  4%  

SA 50  8-HQS 225  4%  

SA 75  8-HQS 225  4%  

SA 100  8-HQS 225  4%  
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3 essential oil) 
‘ ’ 

3.1 
‘ ’ 

   

  pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

8-HQS 225  

    25  

    50  

    75   

   100  

 
3.2 

‘ ’ 
   

  pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

  8-HQS 225  
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 25  

    50  

    75   

   100  

 

3.3 
‘ ’ 

   

  pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

  8-HQS 225  

 25  

    50  

    75   

   100  
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3.4    
‘ ’ 

   

  pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

  8-HQS 225  

 25  

    50  

    75   

   100  

 

3.5 
‘ ’ 

    

  pH 3 

  pH 7 

  pH 3 4%  

  pH 7 4%  

pH 3 8-HQS 225  4%  

  pH 7 8-HQS 225  4%  

  8-HQS 225  
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 25  

    50  

    75   

   100  

 
4   

‘ ’ 
 1 

2 3   

  

 (Florbelle®) 
 

 
1. %) 

 

 %) = 
 ×

 

 

2. %) 

 

 

 %) = 
 ×

 

 

3.  

 

 

4. 30 

 (vein)  
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5.  

3 

 

%) = 
 ×  

 

 

6.  ( ml) (AOAC, 2000) 

7  

 1 

0.1 peptone water 9 

vortex mixer 10 1 

dilution series (10-4–10-7) dilution series 

0.1 NA 24 

NA  

 

7.  (Hodges et al., 1999) 

3  0.5 

7 0.5 

phosphate buffer pH 7.8 5,000 g 15 

2  3 0.5% TBA 5% TCA 

95 oC 30 

5,000 g 15 450 532 600 

  

 CMDA (μmolml-1) =6.45 × (D532- D600) – 0.56 × D450 
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8.  ( 2547) 

 ( 7) 1 

 3 

Safranin–O cover slip 

 

 

9.  

‘ ’
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4  

 

 

1
‘ ’

1.1
‘ ’

 

  75 

   

 pH 7  

 pH 3  pH 3  4% 

, 1  

 

 

 %   

8-

 % 

 75   pH 3 

1  
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1   

‘ ’   

 

 

 ‘ ’ 

 75 

, pH7 4%       

8;  

 

  

 
 

 

 

%  

 pH 3 7   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8-  + 4%    

 pH 7 + 8-  + 4%    

8-    

Al 4 3     

Al 4 3     

Al 4 3 75    

Al 4 3    

 



 
 

38 
 

 
8 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4% pH 7 

8- 4% 8-HQS , Al 4 3   Al 4 3  

4 3 75  Al 4 3    

1

1  3 4 5 6 7 

(
./

/
)

 



 
 

 
 

 

 

 5   

 

75 

 

pH 3 4% 

;  

 

 

 

pH 3  8-HQS  4% 

pH3 

;  

 

 



 
 

 
 

 
 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4% 

pH 7 8- 4% 8-HQS , Al 4 3   Al 4 3  

4 3 75  Al 4 3    

 

84

86

88

1  3 4 5 6 7 
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 ‘ ’ 

pH 3 4% pH 7 4% pH 3 8- 4%   

pH 7 8- 4% 8-HQS , Al 4 3   

Al 4 3  4 3 75  Al 4 3    

1  3 4 5 6 7 

 

 



 
 

 

 

1.2
4

‘ ’
 

 

         

 4% 

 

 8-

pH3 4% 

 

 

 

 8-

 -

% pH3 

 8- 4% 

  8-HQS 4% 

  

75   
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‘ ’   

   4%  

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8-  + 4%    

 pH 7 + 8-  + 4%    

8-    

Al 4 3  + 8- %    

Al 4 3  + 8- %    

Al 4 3 75  + 8- %    

Al 4 3  + 8- %    

     

 

 

 

‘ ’ 

  

  8-HQS 4% 

8-  

11; 

4   
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11 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4% 

pH 7 8- 4% 8-HQS , Al 4 3   8-HQS 4% 

  Al 4 3  8-HQS 4%  4 3 75  8-HQS 4% 

 Al 4 3  8-HQS 4%    

1

1  3 4 5 6 7 

-
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 pH3 8- 4% 

           

 8- 4% 

 8-

 8- 4% 

 pH 3 8- 4% 

pH 7  8- 4%  

 

75 8- 4% 

 1 ;  

 

 

 

75  8- 4%                  

  

 8- 4% 

pH3  8- 4%      

 13;   
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1  ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%   

pH 7 8- 4% 8-HQS , Al 4 3  8-HQS 

4 %   Al 4 3  8-HQS 4%  4 3 75  8-HQS 4% 

 Al 4 3  8-HQS 4%    

84

86

88

1  3 4 5 6 7 
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13 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8- 4% 8-HQS , Al 4 3  8-HQS 

4%   Al 4 3  8-HQS 4%  4 3 75  8-HQS 4% 

 Al 4 3  8-HQS 4%    

1 2 3 4 5 6 7 
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48 
 

1.3
‘ ’

 

 

  ‘ ’ 

 

  pH 3  

4%         

 75 8-  3  

 

 

 % 8-

  

pH3 %, 

  

  75 

%, 3   



 
 

 
 

3    

‘ ’   

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8- + 4%    

 pH 7 + 8- + 4%    

8-    

3     

3     

3     

3     

     

 

 

 

 

-5 

pH 3 8- 4% 

 pH7 4% 

14; 7   



 

 
 

 
14 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%   pH 7 

8- 4% 8-HQS , 3    3    

 3   3   ( )

1

1  3 4 5 6 7 

 

 



51 
 

51 
 

 

 pH3 8- 4% 

  

75  8-

 

pH3 4% 

15; 8  

 

 

  

pH 3 8-  4% 

pH3 

          

16;  

 



 

 
 

 
15 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8- 4% 8-HQS , 3    

3   3   3  ( )

84

86

88

1  3 4 5 6 7 
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16 ‘ ’ ,   

pH 3 4% pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , 3     

 3   3   3    

1  3 4 5 6 7 

 

 



54 
 

54 
 

1.4
4

‘ ’
 

 

  pH7 

 

7-   pH 3,  pH 3  4%  

  8- 4%  

75  8- 4%  

 8- 4%  

 

   8-HQS 4% 

 4  

 

 

 %

8-   

pH 3 75 8-

4% %, 

  

 

 4   
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55 
 

4    

‘ ’      

   4% 

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8- + 4%    

 pH 7 + 8- + 4%    

8-    

3  + 8-  + 4%    

3  + 8- + 4%    

3  + 8- + 4%    

3 + 8- + 4%    

 

  

 

 

 

pH3 8-H 4% 

 

 8-

4%  17; 

  



 

56 
 

 
17 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%    

pH 7 8- 4% 8-HQS , 3   8-  

 4 %   3  8-  4%   3  8-

 4%   3  8-  4%   

 

1

1  3 4 5 6 7 
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57 
 

 

 

pH3 8- 4% 

  

  8-         

  8-HQS 4%   

18;  

 

 

   

 4% 3 

 

8- 4% 

;   



 

58 
 

 
18 ‘ ’ pH 7 pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8-H 4% 8-HQS , 3   8-HQS 

 4%   3  8-  4%   3  

8-  4%   3  8-  4%   

 

84

86

88

1  3 4 5 6 7 

 

 



 

 
 

 
 ‘ ’ ,   

pH 3 4% pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , 3   

8-  4%   3  8-  4%   3

75  8-  4%   3  8-  4%    

  

1  3 4 5 6 7 

 

 



 
 

 
 

1.5
‘ ’

 

 

   75        

 pH 7  pH 3  8-HQS  4% 

 pH 7  8-HQS  4% 

 , 

 pH 3  pH 3  4%   pH 7  4% 

8-HQS   

, 5  

 

 

   8-HQS  pH 7 

  

 pH 3 

,   

5  



61 
 

61 
 

5   

 ‘ ’  

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8- + 4%    

 pH 7 + 8- + 4%    

8-    

AlCl3     

AlCl3      

AlCl3 75    

AlCl3     

     

 

 

 

-4 

pH3 8- 4% 

pH 3 4% pH 7 

4% ;   



 

 
 

 
 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%  

pH 7 8- 4% 8-HQS , AlCl3   AlCl3    

 AlCl3 75   AlCl3    

1

1  3 4 5 6 7 
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63 
 

 

pH 3 4% 

pH 3 4% 

; 

14  

 

 

  

pH 3  8-HQS  4% 

pH3    

; 15   
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 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8- 4% 8-HQS , AlCl3   AlCl3 

  AlCl3 75   AlCl3    

84

86

88

1  3 4 5 6 7 
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 ‘ ’ ,   

pH 3 4%  pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , AlCl3    

 AlCl3   AlCl3 75   AlCl3   1 )

1  3 4 5 6 7 

(%
)

( )
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1.6

‘ ’
 

 

 ‘ ’ 

 8-HQS 4% 

 pH 7  pH 7  4% 

 pH 3  8-HQS  4%  pH 7  8-HQS 

 4% 8-HQS 

,  pH 3  pH 3 

 4%  75   8-HQS 

 4%   6  

 

 

  8-HQS pH 7 

%,   pH 3 

4%  pH 7  4%  pH 3  8-HQS 

 4%  pH 7  8-HQS  4% 

    8-HQS   

4% pH 3 

 75  8-HQS 4% 

, 6   
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6   

‘ ’   

  4%  

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8- + 4%    

 pH 7 + 8- + 4%    

8-    

AlCl3   + 8- %    

AlCl3   + 8- %    

AlCl3 75  + 8- %    

AlCl3   + 8- %    
           

 

 

 

pH3 8-HQS 

4% 

 

75   8-HQS 4%  

 ; 16   



 

68 
 

 
 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%   

pH 7 8- 4% 8-HQS , AlCl3  8-  

4%   AlCl3  8-  4 \%   AlCl3 75  8-

 4%   AlCl3  8-  4%    

1

1  3 4 5 6 7 

 

 



 
 

 
 

 

pH 3  8-HQS 4%           

  8-HQS  

pH 3 4%    75   

8-HQS  4% 

; 17  

 

 

 pH 3  8-HQS 4% 

 

     

8-HQS  4%           

; 18   



 

 
 

 
 ‘ ’ pH 3 

 4% pH 7 4% pH 3 8- 4 %    

pH 7 8- 4% 8- , AlCl3  8-HQS 

 4%   AlCl3  8-  4%  3 75  

8-  4%   AlCl3   8-  4%   

17  

85

1  3 4 5 6 7 

 

 



 

71 
 

 
 ‘ ’ ,   

pH 3 4% pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , AlCl3  

8-  4%   AlCl3  8-  4%   AlCl3 75 

 8-  4%   AlCl3  8-  4%    

18  

1  3 4 5 6 7 

(%
)

( )



 
 

 
 

2
‘ ’

2.1
‘ ’

 

 

 ‘ ’ pH 7 

 

 pH 3 pH 3 4% 

 , 

       

 7  

 

 

  8-HQS  pH 7 

%,   

 pH 3     

            

%

  7   
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7   

 ‘ ’   

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%    

 pH 3 + 8-  + 4%    

 pH 7 + 8-  + 4%    

8-    

   

    

SA 75   1  

    

     

 

 

 

-4 

pH3  8-HQS 4%  8-HQS 

 

 4 

;   



 

74 
 

 
 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%  

pH 7 8- 4% 8-HQS , SA   SA    

 SA 75   SA   

1

3

1  3 4 5 6 7 

 

 



 
 

75 
 

 

pH 3  8-HQS 4% 

 8-HQS  pH 3 4% 

 

 ; 

 

 

 

 ‘ ’      

pH 3  8-HQS  

4%  pH3 

        

 ; 
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 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8- 4% 8-HQS , SA   SA 

  SA 75   SA   

85

1  3 4 5 6 7 

%
 

( )
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 ‘ ’ ,   

pH 3 4% pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , SA    

 SA   SA 75   SA   

1  3 4 5 6 7 
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2.2
4 ‘ ’

 

 

    8-HQS 

4%  

pH 7   

7- 8  

 

 

   8-HQS 

pH 7 %,  

  75 

4%  

8- 4% 

8- 4% 

%, 8   



 
 

 
 

8     

‘ ’      

   4%  

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%    

 pH 7 + 4%  8   

 pH 3 + 8-  + 4%    

 pH 7 + 8-  + 4%    

8-    

  + 8- %    

  + 8- %    

SA 75  + 8- %    

  + 8- %    

     

 

 

 

-4 

4 

  8-HQS 4% 

pH 3 4% pH 7 4% 

  

   

;   



 

 
 

 
 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%  

pH 7 8- 4% 8-HQS , SA  8-

4%   SA  8- 4%   SA 75  8-

 4%   SA  8- 4%   

1

1  3 4 5 6 7 

 

 



 
 

81 
 

 

 8-

4%              

75 8-HQS 4%         

pH 3 4% 

;  

 

 

 ‘ ’ 

75  8-HQS 4% 

  

 31;   



 

 
 

 
 ‘ ’ pH 3 

4% pH 7 4% pH 3 8- 4%    

pH 7 8- 4%  8-HQS , SA  8-

4%   SA  8- 4%   SA 75  8-HQS 

4%   SA  8- 4%   

85

1  3 4 5 6 7 

 

 



 

83 
 

 
31 ‘ ’ ,   

pH 3 4% pH 7 4% pH 3 8- 4% 

 pH 7 8- 4% 8-HQS , SA  

8- 4%   SA  8- 4%   SA 75 

 8- 4%   SA  8- 4%    

 

1  3 4 5 6 7 

 

( )



 
 

84 
 

3
‘

3.1
‘ ’

 

 

  pH 7 

 

7-  pH 3 4% 

75 

 

 

 

 

  8-HQS  pH 7 

%,           

pH 3  75  

1 %, 

 

  



 
 

85 
 

  

‘ ’   

 

 
 

 

  

%  

 pH 3   

 pH 7   

 pH 3 + 4%     

 pH 7 + 4%    

 pH 3 + 8-  + 4%    

 pH 7 + 8-  + 4%    

8- 5    

    

    

 75    

    

     

 

 

 

‘ ’ 

 

 

pH 3 4% pH 7 4% 

      

 ;   



 

86 
 

 
 ‘ ’ pH 3 4% 

pH 7 4% pH 3 8- 4%   

pH 7 8- 4% 8-HQS ,   

    75        

1

1  3 4 5 6 7 

 

 



 
 

87 
 

 

 pH 3         

8-HQS 4% 

-5  

 

pH 3  8-HQS 4% 

 pH 7  8-HQS 

4% 33;  

 

 

 

pH 3  8-HQS         

4% 34;  



 

88 
 

 
33 ‘ ’ pH 3 
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‘Boeing’ Liao et 
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8   Amiri et al. 2009
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(pH 6.8)  

  1 N NaOH 

 

(pH 6.8)  

1 N HCl 

 

    4   

      100    

 

( et al. )
  10   

  Tween-20   3  

  10% ethyl alcohol  10  

      500   

Peptone    0.1   

      100  
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 Nutrient Agar    8   

Agar    14  

      1,000   

 121 oC 15  

-
Safranin-O   2.5  

  95% ethanol   100   

  5-10  

 

Royal Lotus Co., Ltd. 

 Thai Aromatherapy 

299 1/7  

  

          10400 

www.thaiaromatherapy.net 

E-mail: royallotus@hotmail.com 
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pH
Florbella® 2.84 

Al2(SO4)3 100  3.60 

Al2(SO4)3 25 + 8-HQS 225 + 4%  3.50 

Al(NO3) 100  3.48 

Al(NO3) 50 + 8-HQS 225 + 4%  3.70 

AlCl3 100  3.57 

AlCl3 25 + 8-HQS 225 + 4%  3.59 

SA 25  4.42 

SA 100 + 8-HQS 225 + 4%  3.19 

75  5.80 

50  5.77 

 100  6.18 

 50  5.77 

 50  5.67 
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 ( 3 ) 
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‘ ’ pH3 (A), pH7 

(B), pH3 + 8-HQS 225  (C), pH7 + 8-HQS 225  (D), pH3 + 8-HQS 225  + 4% 

(E), pH7 + 8-HQS 225  + 4% (F), 8-HQS 225 G) 

B C D E F G
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‘ ’ 8)
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225  + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225  + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

Al2(SO4)3 25  1.91 1.21 0.96 0.44 0.46 0.22 0.2 

Al2(SO4)3 50  1.67 1.18 1.12 0.63 0.7 0.62 0.66 

Al2(SO4)3 75  2.16 1.34 1.3 0.81 0.96 0.74 0.75 

Al2(SO4)3 100  1.94 1.24 1.11 0.66 0.83 0.53 0.54 
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( % ‘ ’ 9)
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225  + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225  + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

Al2(SO4)3 25  100 101.48 101.54 101.26 100.13 98.87 94.76 

Al2(SO4)3 50  100 101.65 102.28 102.31 102.04 101.86 101.1 

Al2(SO4)3 75  100 101.97 103.01 103.66 104.15 104.02 103.59 

Al2(SO4)3 100  100 101.39 101.7 102.18 102.17 101.33 100.85 
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( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225  + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225  + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

Al2(SO4)3 25  100 95.82 96.45 97.86 99.34 103.2 102.73 

Al2(SO4)3 50  100 95.72 96.47 97.97 99.61 103.89 103.6 

Al2(SO4)3 75  100 95.94 96.84 98.29 99.82 103.99 103.59 

Al2(SO4)3 100  100 96.05 97.09 98.48 99.97 104.13 103.65 
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(4 ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225  + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225  + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

Al2(SO4)3 25  + 8-HQS 225  + 4%  1.76 1.09 0.89 0.6 0.81 0.83 0.65 

Al2(SO4)3 50  + 8-HQS 225  + 4%  1.1 0.28 0.31 0.35 0.49 0.56 0.41 

Al2(SO4)3 75  + 8-HQS 225  + 4%  1.16 0.17 0.16 0.1 0.16 0.14 0.23 

Al2(SO4)3 100  + 8-HQS 225  + 4%  1.19 0.34 0.11 0.18 0.3 0.44 0.41 
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(5 % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225  + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225  + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

Al2(SO4)3 25  + 8-HQS 225  + 4%  100 101.46 102.44 102.92 103.46 102.66 101.96 

Al2(SO4)3 50  + 8-HQS 225  + 4%  100 99.17 98.43 98.41 98.53 98.51 95.94 

Al2(SO4)3 75  + 8-HQS 225  + 4%  100 98.54 97.11 95.85 92.93 93.59 92.21 

Al2(SO4)3 100  + 8-HQS 225  + 4%  100 98.96 97.53 96.9 96.31 95.9 95.01 
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(6 % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225  + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225  + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

Al2(SO4)3 25  + 8-HQS 225  + 4%  100 100.5 98.76 99.26 101.74 100.74 103.23 

Al2(SO4)3 50  + 8-HQS 225  + 4%  100 90.64 89.16 95.57 92.12 103.2 101.23 

Al2(SO4)3 75  + 8-HQS 225  + 4%  100 88.3 76.34 70.23 73.03 72.77 75.2 

Al2(SO4)3 100  + 8-HQS 225  + 4%  100 87.88 80.05 83.59 87.63 93.43 97.73 
 
 
 
 
 
 



 
 

162 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

Al(NO3) 25  1.73 1.25 0.98 0.4 0.42 0.28 0.16 

Al(NO3) 50  1.58 1.13 1.06 0.54 0.66 0.46 0.4 

Al(NO3) 75  1.63 0.95 0.79 0.44 0.49 0.33 0.38 

Al(NO3) 100  1.61 0.98 0.86 0.45 0.55 0.44 0.49 
 
 
 
 
 
 



 
 

163 
 

(8 % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

Al(NO3) 25  100 102.74 103.22 102.93 101.83 100.37 98.72 

Al(NO3) 50  100 92.22 99.91 100.35 100.18 99.51 98.59 

Al(NO3) 75  100 101.25 101.55 101.7 101.35 100.73 99.92 

Al(NO3) 100  100 100.96 100.85 100.68 99.98 98.77 97.69 
 
 
 
 
 
 



 
 

164 
 

(9 % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

Al(NO3) 25  100 94.79 94.37 96.36 98.29 102.66 102.92 

Al(NO3) 50  100 95.59 95.49 96.81 98.23 102.39 102.24 

Al(NO3) 75  100 95.09 95.15 96.56 97.86 102.56 102.14 

Al(NO3) 100  100 95.55 95.78 96.66 98.47 102.49 102.23 
 
 
 
 
 
 



 
 

165 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225  + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

Al(NO3) 25 + 8-HQS 225  + 4%  0.42 0 0.15 0.02 0.17 0.05 0.19 

Al(NO3) 50 + 8-HQS 225  + 4%  0.69 0.06 0.1 0.11 0.11 0.14 0.12 

Al(NO3) 75 + 8-HQS 225  + 4%  0.43 0 0.18 0.06 0.14 0.1 0.017 

Al(NO3) 100 + 8-HQS 225  + 4%  0.48 0 0.19 0.05 0.13 0.09 0.11 
 
 
 
 
 
 



 
 

166 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225  + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

Al(NO3) 25 + 8-HQS 225  + 4%  100 98.33 96.82 95.75 94.75 93.42 92.23 

Al(NO3) 50 + 8-HQS 225  + 4%  100 98.34 97.08 96.2 95.03 92.59 91.79 

Al(NO3) 75 + 8-HQS 225  + 4%  100 98.39 97.01 96.14 94.93 93.02 92.1 

Al(NO3) 100 + 8-HQS 225  + 4%  100 97.87 95.85 95.69 94.41 91.93 91.93 
 
 
 
 
 
 



 
 

167 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225  + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

Al(NO3) 25 + 8-HQS 225  + 4%  100 90.76 90.45 96.18 109.55 121.02 126.11 

Al(NO3) 50 + 8-HQS 225  + 4%  100 86.26 82.7 80.41 84.22 58.02 70.12 

Al(NO3) 75 + 8-HQS 225  + 4%  100 77.92 71.29 76.34 87.38 104.73 113.56 

Al(NO3) 100 + 8-HQS 225  + 4%  100 86.36 82.62 91.71 98.93 105.46 110.01 
 
 
 
 
 
 



 
 

168 
 

‘ ’
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

AlCl3 25  1.68 1.12 0.97 0.48 0.61 0.36 0.41 

AlCl3 50  1.72 1.09 0.99 0.56 0.53 0.38 0.37 

AlCl3 75  1.84 1.10 0.97 0.49 0.54 0.39 0.45 

AlCl3 100  1.74 1.1 1.00 0.59 0.67 0.52 0.53 
 
 
 
 
 
 



 
 

169 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.50 101.30 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.60 96.57 95.69 

pH 3 + 4%  100 99.70 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.10 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.80 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

AlCl3 25  100 94.74 101.38 101.57 100.73 101.35 100.18 

AlCl3 50  100 102.48 100.88 101.06 100.21 99.44 97.46 

AlCl3 75  100 101.07 100.80 101.09 100.40 99.54 98.36 

AlCl3 100  100 102.41 103.11 103.41 103.29 102.76 101.88 
 
 
 
 
 
 



 
 

170 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

AlCl3 25  100 96.29 97.75 99.34 101.05 105.51 104.98 

AlCl3 50  100 97.15 99.57 100.95 102.42 106.74 105.72 

AlCl3 75  100 97.08 99.31 100.64 101.84 105.97 105.28 

AlCl3 100  100 96.33 98.18 99.77 101.12 104.64 104.11 
 
 
 
 
 
 



 
 

171 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

AlCl3 25 + 8-HQS 225 + 4%  1.22 0.41 0.16 0.22 0.28 0.28 0.28 

AlCl3 50 + 8-HQS 225 + 4%  1.32 0.19 0.04 0.12 0.057 0.15 0.04 

AlCl3 75 + 8-HQS 225 + 4%  1.15 0.31 0.08 0.12 0.04 0.22 0.04 

AlCl3 100 + 8-HQS 225 + 4%  1.48 0.37 0.06 0.17 0.03 0.18 0.17 
 
 
 
 
 
 



 
 

172 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

AlCl3 25 + 8-HQS 225 + 4%  100 99.43 98.69 98.10 96.88 95.72 95.22 

AlCl3 50 + 8-HQS 225 + 4%  100 98.31 96.80 95.43 93.99 92.72 90.71 

AlCl3 75 + 8-HQS 225 + 4%  100 98.83 97.44 96.43 94.08 93.37 92.50 

AlCl3 100 + 8-HQS 225 + 4%  100 98.37 96.89 95.75 95.73 95.99 94.92 
 
 
 
 
 



 
 

173 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

AlCl3 25 + 8-HQS 225 + 4%  100 94.49 93.91 88.41 86.67 85.51 85.22 

AlCl3 50 + 8-HQS 225 + 4%  100 89.97 82.46 87.47 80.92 71.43 63.66 

AlCl3 75 + 8-HQS 225 + 4%  100 86.71 89.86 92.66 111.49 91.49 90.90 

AlCl3 100 + 8-HQS 225 + 4%  100 90.66 88.46 87.09 97.98 88.83 89.74 
 
 
 
 
 
 



 
 

174 
 

‘ ’
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225  + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

SA 25  1.98 1.24 0.97 0.37 0.09 0.12 0.18 

SA 50  2.13 1.11 0.65 0.14 0.10 0.089 0.15 

SA 75  2.31 1.38 0.90 0.16 0.05 0.078 0.10 

SA 100  2.46 1.17 0.35 0.04 0.05 0.13 0.21 
 
 
 
 
 
 



 
 

175 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.70 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.10 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225  + 4%  100 99.85 100.06 100.06 99.80 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

SA 25  100 101.85 98.71 101.06 99.29 97.57 93.07 

SA 50  100 101.71 101.17 99.89 97.96 96.27 95.37 

SA 75  100 101.81 101.94 100.54 98.27 96.08 92.32 

SA 100  100 101.64 100.34 89.70 96.62 94.52 88.90 
 
 
 
 
 
 



 
 

176 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225  + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

SA 25  100 96.10 97.25 98.65 100.15 104.31 103.80 

SA 50  100 96.20 97.47 98.86 100.38 104.48 103.97 

SA 75  100 96.26 97.64 99.08 100.57 104.68 104.14 

SA 100  100 96.27 97.62 99.05 100.52 104.60 104.06 
 
 
 
 
 
 



 
 

177 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

SA 25 + 8-HQS 225 + 4%  1.73 1.06 0.95 0.52 0.59 0.55 0.39 

SA 50 + 8-HQS 225 + 4%  2.08 1.22 0.95 0.62 0.67 0.58 0.41 

SA 75 + 8-HQS 225 + 4%  2.07 1.10 0.89 0.78 0.70 0.44 0.31 

SA 100 + 8-HQS 225 + 4%  2.23 1.49 1.03 0.82 0.79 0.79 0.49 
 
 
 
 
 
 



 
 

178 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.50 101.30 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.70 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.10 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.80 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

SA 25 + 8-HQS 225 + 4%  100 102.01 103.35 103.91 103.94 101.86 101.27 

SA 50 + 8-HQS 225 + 4%  100 102.06 103.32 104.04 104.40 103.10 101.71 

SA 75 + 8-HQS 225 + 4%  100 100.93 104.76 105.47 105.42 103.55 102.57 

SA 100 + 8-HQS 225 + 4%  100 102.18 103.86 104.54 105.26 105.48 103.60 
 
 
 
 
 
 



 
 

179 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

SA 25 + 8-HQS 225 + 4%  100 97.78 101.97 103.94 107.88 114.04 109.91 

SA 50 + 8-HQS 225 + 4%  100 104.71 110.73 109.42 109.16 109.43 117.05 

SA 75 + 8-HQS 225 + 4%  100 102.52 119.50 123.34 122.99 122.29 121.07 

SA 100 + 8-HQS 225 + 4%  100 96.74 96.28 96.74 96.98 96.98 94.88 
 
 
 
 
 
 



 
 

180 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

 25  1.05 0.74 0.57 0.48 0.42 0.43 0.41 

 50  1.32 0.79 0.71 0.63 0.49 0.51 0.54 

 75  1.40 0.83 0.71 0.57 0.48 0.49 0.46 

 100  1.24 0.74 0.61 0.60 0.42 0.45 0.47 
 
 
 
 
 
 



 
 

181 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

 25  100 99.72 98.86 97.50 96.44 94.80 93.27 

 50  100 100.40 100.16 99.37 98.44 98.33 98.54 

 75  100 100.39 99.89 99.44 98.76 97.54 95.55 

 100  100 100.78 100.94 100.69 100.25 99.68 96.61 
 
 
 
 
 



 
 

182 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

 25  100 93.15 93.15 93.15 93.27 91.13 87.49 

 50  100 94.32 93.45 93.23 91.92 89.76 87.34 

 75  100 100.26 97.44 96.93 97.95 94.88 91.79 

 100  100 98.83 98.60 100.93 101.64 103.74 101.77 
 
 
 
 
 
 



 
 

183 
 

( ‘ ’ )
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

 25  1.25 0.77 0.65 0.57 0.39 0.33 0.29 

 50  1.25 0.77 0.72 0.67 0.50 0.41 0.44 

 75  1.19 0.84 0.69 0.60 0.48 0.43 0.44 

 100  1.25 0.90 0.78 0.70 0.53 0.49 0.44 
 
 
 
 
 
 



 
 

184 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

 25  100 100.61 100.09 99.37 98.52 95.53 92.23 

 50  100 100.76 100.94 100.96 96.34 99.93 98.83 

 75  100 100.70 100.60 100.28 100.11 99.44 99.59 

 100  100 100.68 100.76 100.35 99.43 98.16 96.77 
 
 
 
 
 



 
 

185 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

 25  100 88.60 100.70 87.21 85.27 87.08 86.05 

 50  100 100.42 99.37 101.47 101.68 101.89 100.12 

 75  100 102.95 103.63 102.72 101.79 100.53 106.90 

 100  100 96.92 93.83 93.39 96.04 93.17 91.41 
 
 
 
 
 
 



 
 

186 
 

‘ ’
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

 25  1.35 0.72 0.64 0.63 0.83 0.46 0.53 

 50  1.49 0.82 1.40 0.63 0.47 0.50 0.54 

 75  1.38 0.71 0.80 0.65 0.45 0.43 0.49 

 100  1.29 0.75 0.70 0.60 0.48 0.49 0.49 
 
 
 
 
 
 



 
 

187 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

 25  100 100.06 100.14 99.56 97.78 96.27 95.95 

 50  100 100.48 99.88 99.15 98.28 97.56 96.75 

 75  100 100.13 101.92 101.68 98.80 97.31 95.80 

 100  100 100.37 95.35 95.21 98.49 99.73 98.51 
 
 
 
 
 



 
 

188 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

 25  100 95.84 92.91 94.13 93.40 88.63 81.38 

 50  100 97.40 95.66 93.49 93.71 93.00 89.56 

 75  100 95.15 92.96 82.52 94.90 97.09 94.39 

 100  100 101.97 93.65 93.00 100.66 100.41 104.55 
 
 
 
 
 
 



 
 

189 
 

‘ ’
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

 25  1.56 0.93 0.61 0.56 0.58 0.57 0.56 

 50  1.49 0.90 0.69 0.55 0.51 0.47 0.52 

 75  1.29 0.69 0.64 0.66 0.51 0.48 0.43 

 100  1.27 0.76 0.82 0.76 0.47 0.48 0.50 
 
 
 
 
 
 



 
 

190 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

 25  100 100.53 99.41 99.69 98.15 97.14 97.86 

 50  100 100.78 98.86 98.33 99.59 98.97 97.35 

 75  100 100.57 105.16 106.25 101.09 100.55 98.78 

 100  100 100.28 100.41 99.96 98.43 98.41 96.59 
 
 
 
 
 



 
 

191 
 

( % ‘ ’ )
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

 25  100 96.51 106.98 102.58 95.09 89.15 92.15 

 50  100 99.24 94.68 96.46 97.97 96.71 97.72 

 75  100 92.39 104.03 99.68 94.46 95.70 95.64 

 100  100 97.89 86.95 84.63 94.74 93.10 92.16 
 
 
 
 
 
 



 
 

192 
 

‘ ’ 44)
                                                           

 4 5 6

pH 3 1.58 0.94 0.52 0.36 0.29 0.29 0.15 

pH 7 1.53 0.80 0.65 0.40 0.48 0.37 0.35 

pH 3 + 4%  2.19 0.64 0.31 0.15 0.23 0.26 0.24 

pH 7 + 4%  1.33 0.93 0.16 0.29 0.16 0.20 0.21 

pH 3 + 8-HQS 225 + 4%  1.81 1.26 0.82 0.68 0.36 1.04 0.43 

pH 7 + 8-HQS 225 + 4%  1.1 0.51 0.55 0.36 0.42 0.48 0.44 

8-HQS 225  1.47 0.83 0.79 0.51 0.57 0.55 0.44 

 25   1.18 0.73 0.59 0.55 0.46 0.48 0.52 

 50  1.18 0.70 0.68 0.63 0.47 0.46 0.50 

 75  1.17 0.62 0.55 0.54 0.46 0.42 0.39 

 100  1.16 0.62 0.51 0.51 0.38 0.39 0.44 
 
 
 
 
 
 



 
 

193 
 

( % ‘ ’ 45)
                                                           

 4 5 6

pH 3 100 100.15 101.5 101.3 98.67 98.24 96.03 

pH 7 100 99.57 100.24 98.74 97.6 96.57 95.69 

pH 3 + 4%  100 99.7 97.43 96.64 95.14 93.18 91.77 

pH 7 + 4%  100 99.1 98.29 97.45 96.48 95.35 93.79 

pH 3 + 8-HQS 225 + 4%  100 102.04 103.14 104.03 101.72 103.99 102.72 

pH 7 + 8-HQS 225 + 4%  100 99.85 100.06 100.06 99.8 99.27 97.91 

8-HQS 225  100 100.45 101.23 101.21 101.26 101.03 100.02 

 25   100 100.39 100.15 99.90 99.52 98.38 97.95 

 50  100 99.88 100.01 99.72 98.50 97.88 97.59 

 75  100 99.86 99.45 98.88 98.64 98.10 95.46 

 100  100 99.85 99.07 97.95 97.30 96.69 94.93 
 
 
 
 
 



 
 

194 
 

( % ‘ ’ 46)
                                                           

 4 5 6

pH 3 100 99.73 101.33 100 93.88 93.86 96.81 

pH 7 100 93.52 92.63 94.86 97.47 102.81 103.72 

pH 3 + 4%  100 96.09 97.24 98.69 100.18 104.23 103.76 

pH 7 + 4%  100 96.18 97.43 98.86 100.33 104.39 103.89 

pH 3 + 8-HQS 225 + 4%  100 96.03 100.85 103.68 104.82 116.46 118.04 

pH 7 + 8-HQS 225 + 4%  100 96.06 97.15 98.58 100.08 104.19 103.72 

8-HQS 225  100 96.09 97.22 98.65 100.15 104.29 103.82 

 25   100 96.38 94.37 95.17 94.77 93.16 94.37 

 50  100 97.45 95.36 92.34 90.95 92.58 95.90 

 75  100 96.02 95.52 95.02 96.74 96.19 97.84 

 100  100 95.09 98.03 94.84 96.56 93.37 99.65 
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