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Abstract

The objective of this research is to study the strength of cement mortars mixed with industrial 
rubberwood  y ash. The rubberwood  y ash was used as a replacement for general-purpose 
hydraulic cement (GU) and Portland cement type 1 (PC) in proportions of 0, 10, 20, and 
30 percent by weight of the binder. The water-to-cement ratio was varied to achieve a  ow 
consistency of 110±5. Compressive strength,  exural strength, and tensile strength were then 
tested. The results of the study indicated that (1) the compressive strength of mortars decreased 
with the increase of rubberwood  y ash content. However, GU mortar met with a percentage 
of replacement of 20 percent. For PC mortar, while, the appropriate replacement of 10 percent. 
(2) the mortars with 10 percent rubberwood  y ash showed higher compressive strength than 
the control mortars. And, (3) the tensile strength of mortars decreased with the increase of 
rubberwood  y ash content. In conclusion, the appropriate replacement level for cement with 
rubberwood  y ash was 10 percent which provided opportunities for future extensions and 
developments.

Keywords: Rubberwood Fly Ash; Mortar; Compressive Strength; Flexural Strength; Tensile Strength
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  1   2.75   
 (Flow)  110±5 ASTM C230/C230M-98 [13] 

 (GU)  1 (PC)  
 2   10 20  30 

  1  
ASTM C305-99 [14]      2
  (Compressive Strength Test)  
50x50x50 mm  3   24  

 3 7 28  60     
 ASTM C109/C100M-99 [15]  2

   (Flexural Strength) 
 (Modulus of Rupture)  40x40x160 mm  3 

  24   3 7 28  60  
   

ASTM C348-08 [16]  2 (  3 )
   (Tensile Strength Test)  

 (Briquet)  25x25 mm  3  
 24   3 7 28  60   

   ASTM C
190-77 [17]  2

 1 

      ( )
       
   (GU) (PC) (RWA) 
 1 GU 1.00 - - 2.75 0.495
 2 GU-10RWA 0.90 - 0.10 2.75 0.505
 3 GU-20RWA 0.80 - 0.20 2.75 0.520
 4 GU-30RWA 0.70 - 0.30 2.75 0.550
 5 PC - 1.00 - 2.75 0.550
 6 PC-10RWA - 0.90 0.10 2.75 0.560
 7 PC-20RWA - 0.80 0.20 2.75 0.570
 8 PC-30RWA - 0.70 0.30 2.75 0.585
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 ( )  ( ) 

 ( )  ( ) 
 2 

1. 
  1.1  
       GU  PC

  3.14 3.15  2.52   2 
 [3] 

 2.59  d50  GU  PC  
 d50  15.91 14.35  80.50    2 

 [18] 
 [4]    

 16  30 
 2.61  0.96  

 [18]

 2 

     d50 ( , m)
  (GU) 3.14 15.91
  (PC) 3.15 14.35
  (RWA) 2.52 80.50
   2.61 -
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  1.2  
     Scanning Electron Microscope 
(SEM)  GU  PC   1,000   3 

 GU   
  PC   

    
  [19] 

   [4] 
 

 ( )  GU ( )  PC ( )  RWA
  1,000   1,000   1,000 

 3  (SEM)

  1.3  
      X-ray Fluorescence 
(XRF)  3   23.39 

 PC  GU   33.43  PC 
 GU    

  [4] 
  (LOI)   4.01 

  ASTM C 618-19 [20]  SiO2 + Al2O3 + Fe2O3

 ASTM C 618-19 [20]  [18]  
SiO2 + Al2O3 + Fe2O3   PC  GU  50 

  [21]  
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 3 

      
  ( ) GU PC

  ASTM C 618
     (RWA) Clas  C

  (SiO2) 19.36 20.75 23.39 -
  (Al2O3) 5.37 5.14 6.84 -
  (Fe2O3) 4.30 3.05 2.41 -
  (CaO) 61.39 61.74 33.43 -
  (MgO) 1.76 2.06 2.85 -
  (Na2O) 0.13 0.15 1.26 < 1.5
  (K2O) 1.10 0.57 10.86 -
  (SO3) 3.54 3.89 6.41 < 5.0
  (LOI) 2.73 2.16 4.01 < 6.0

SiO2 + Al2O3 + Fe2O3 29.03 28.94 32.64 > 50

2. 
   (Water Requirement)  GU  PC

 10 20  30  
 GU   

 0.505 0.520  0.550   PC 
  0.560 0.570  0.585  4 

 
  

 [22] 

 4  GU  PC 

3. 
  3.1  
     3 7 28  60  

 4  5  6   GU 
 28.17 34.10 34.26  37.48 MPa   PC  

26.14 28.72 36.19  37.84 MPa   
GU  PC   [23]  [24]
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     GU  PC 
 10 20 30   4  5  6 

 
 [25] 

  
  

  10 
  GU  PC   

28   GU  10  
  [26]  “

 10 ”  [27] 
 “

 ” 
 10 

 GU  PC
 (Calcium Silicate Hydrate, CSH) 

 GU  PC
 

 4 

       (MPa)
   3   7   28   60  
 GU  28.17 100 34.10 100 34.26 100 37.48 100
 GU-10RWA 22.24 79 24.78 73 35.14 103 36.02 96
 GU-20RWA 21.50 76 24.50 72 28.54 83 35.02 93
 GU-30RWA 16.73 59 19.16 56 21.72 63 22.15 59
 PC  26.14 100 28.72 100 36.19 100 37.84 100
 PC-10RWA 19.16 73 23.13 81 26.85 74 31.08 82
 PC-20RWA 12.71 49 18.37 64 27.40 76 28.45 75
 PC-30RWA 11.38 44 13.42 47 16.48 46 17.90 47

 5  GU 
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 6  PC    

  3.2    
      3 7 28  60  

  GU  7 
 PC  8   

  10 20  30 
 60   GU 

 4.39 4.00  3.29 MPa   7  PC
 4.37 4.11  3.14 MPa   8 

 GU  PC  10RWA 
    

         GU
 PC  28   

  
  9  GU  

'0.6944 cf fb  PC  '0.6873 cf fb
 [8]   [28]

 7  GU 
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 8  PC 

 9 

  3.3  
     3 7 28  60   

 GU  10  PC  11 
   [29] 

  
 10 20  30   60  

 GU  2.89 2.85  
2.41 MPa   10  PC 

 3.03 2.47  2.15 MPa   11  GU
 PC   10  

  
 

     ( )ft   '( )cf   28   12 
 [30]   GU  PC
   GU

 '0.4844 cf ft   PC  
'0.5022 cf ft   ACI Committee 318 [31]  
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Abstract

The objective of this research is to evaluate the feasibility of using rubberwood bottom ash in 
the mixture of interlocking blocks. The mixtures were conducted including cement-to-aggregate 
ratios of 1:4, 1:5, and 1:6 by weight. The rubberwood bottom ash was used as the aggregate 
as same as laterite soil with di  erent percentages of 0, 10, 30, and 50 by weight of aggregates. 
The mixtures were compacted using a manual interlocking molding machine. When comparing 
the research data with the community product standard 602/2547, which speci  es that the 
ompressive strength of non-load-bearing blocks must be no fewer than 25 kg/cm2, and 
load-bearing blocks should have a compressive strength of no fewer than 70 kg/cm2, and the water 
absorption should not exceed 288 kg/m3, it is found that all mixtures met the stand for 
no-load-bearing blocks. While there were three mixtures met the standard for load-bearing 
blocks consisting of a ratio of cement to aggregate of 1:4 with 0, 10, 30, and 50 percent of 
rubberwood bottom ash, a ratio of cement to aggregate of 1:5 with 0 and 10 percent of rubberwood 
bottom ash, and a ratio of cement to aggregate of 1:6 with 0 percent of rubberwood bottom ash.

Keywords: Interlocking Blocks; Rubberwood Bottom Ash; Aggregates; A Manual Interlocking Molding 
   Machine

 
    

 10   
 

  (Leachate) 
 [1]  

  
   

  
 [2]  

  1  10 20 
 30    

7 14 28   28    28  49.90 
40.60  39.80 MPa  

 10  20  [3] 
   

     28  
  

  1,532 kg/m3 
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 5.2 kg/m3  57-2533 
58-2530    3:1:2 

 [4]  3 
   (CaO)  

(SiO2)  (Al2O3)  (Fe2O3)  65.30 20.80 4.70  3.40 
 [5]  

 (SiO2)  (Al2O3)  (Fe2O3)  58.6 25.5 13.0  
[6]   
(CaO)  (SiO2)  (K2O)  
31.9 23.0  10.4   (LOI)  7.7 

  (CaO)  (SiO2) 
 (K2O)  25.79 31.32  2.93 [7] 

 (Pozzolan)  
 

  1.60 .  2.00 .  
GFRP  10 20  30 lbf  

 GFRP  30.50 [8]
  

  
 1:6  1:8 

 50:50  75:25 [9] 
 602/2547 [10]  

 1:4 1:5  1:6  
 100:0 90:10 70:30  50:50  

  602/2547 
 70 kg/cm2  

25 kg/cm2  288 kg/m3 
   

 

    

1.  
   2     

3   
 (Pozzolan)  

  1
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 ( )  ( )  ( ) 
 1 

   
  

 

  1)  (ASTM D 422-63) [11]
  2)  (ASTM D 143-94) [12]
  3)  (ASTM D 2216-98) [13]
  4)  (ASTM D 1557-02) [14]
  5)  602/2547 [10]
  6)  602/2547 [10]
   

 4  90.76  93.23  200  28.37  4.25 
 2.62  2.25 

 1.80 g/cc  1.62 g/cc 
 10.60  7.60   

28.15  22.91  5.24 
  (Non Plastic) 

 
 [9]  37.65 

 4.44 
 14.89 

 83.55 
 155.61 

2.  
 1:4 1:5  1:6  

 100:0 90:10 70:30  50:50  
 3   

 6  7   28   
 144  

  (1)  1



19ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 1 (January - April 2024)
e254604

A - B - C (1)

    
    A    
    B    
    C    

   
    1:4 - 90:10 - 7   1   4   
            4   90 
             10  7 
    1:6 - 70:30 - 28   1   
            6   6   70 
             30  28 

 1 

   A - B - C  ( )
 1 1:4 - 100:0 - 7 6
 2 1:4 - 90:10 - 7 6
 3 1:4 - 70:30 - 7 6
 4 1:4 - 50:50 - 7 6
 5 1:4 - 100:0 - 28 6
 6 1:4 - 90:10 - 28 6 
 7 1:4 - 70:30 - 28 6
 8 1:4 - 50:50 - 28 6
 9 1:5 - 100:0 - 7 6
 10 1:5 - 90:10 - 7 6
 11 1:5 - 70:30 - 7 6
 12 1:5 - 50:50 - 7 6
 13 1:5 - 100:0 - 28 6 
 14 1:5 - 90:10 - 28 6
 15 1:5 - 70:30 - 28 6
 16 1:5 - 50:50 - 28 6
 17 1:6 - 100:0 - 7 6
 18 1:6 - 90:10 - 7 6
 19 1:6 - 70:30 - 7 6
 20 1:6 - 50:50 - 7 6
 21 1:6 - 100:0 - 28 6
 22 1:6 - 90:10 - 28 6
 23 1:6 - 70:30 - 28 6
 24 1:6 - 50:50 - 28 6
   144
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3.  
     

  10  2( )  
    

  2( )   6 kg
 30    2( ) 

 1   
   7  28  

   2( )

 ( )  ( ) 

 ( )  ( )    
 2 

4.  
 602/2547 [10]  

  

 (  3-5)  
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 ( )  ( ) 
 3 

 ( )  ( )   ( ) 
 4 

 ( )   ( )   ( ) 
 5 

1. 
   

 602/2547 [10] 
 70 kg/cm2  25 kg/cm2 

 1:4 1:5  1:6  
 100:0 90:10 70:30  50:50   

 6
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 6 

   
 28   45.28 - 150.40 ksc 
 7   32.31 - 115.60 ksc  1:5 - 50:50 

 52.58  7  
 1:5 - 100:00  7.77 

 7   
 28  

   
28   1:4  108.95 - 150.40 ksc 

 1:6  45.28 - 70.40 ksc 

 [9]  1:6  
50:50  52.50 ksc  15.95 

  602/2547 [7] 
  1:6 - 50:50 - 28 

 
  1:5 - 70:30 - 28 1:5 - 50:50 - 28 1:6 - 90:10 - 28 1:6 - 70:30 - 28  

1:6 - 50:50 - 28   1:4 - 50:50 - 28
 

   
 1:4 1:5  1:6   1:4  

 100:0  0 45.15  
53.19  90:10  0 44.12  51.01 

 70:30  0 44.40  51.79 
 50:50  0 45.48  58.44 
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   0 10 30  50  
 1:4  0 15.05 22.70  27.56 

   1:5  
0 13.45 21.65  28.00   

 1:6  0 11.08 20.38  35.68 
  50 

  1:4 - 50:50 - 28   1:6 - 50:50 - 28 
 

 
2. 

   602/2547 [10] 
  1,680 kg 

 288 kg/m3  1:4 1:5  1:6 
  100:0 90:10 

70:30  50:50    7

 7 

   
 7   56.30 - 332.42 kg/m3  28  

 168.03 - 388.27 kg/m3  28  
 [15] 

 1:5 - 70:30 1:5 - 50:50 1:6 - 70:30 
 1:6 - 50:50 

  
3    1:4  0 10 30  
50   1:5  0 

 10   1:6 
 0 ( )

   
1:5   
90:10  70:30  8
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 8 

  
 95   1:5  
 82.77:17.23  

 1:4 1:5  1:6  50 10  0 
   602/2547 [10]  

3. 
   20  

 602/2547 [10] 
   1:6 

 50:50  1   1)  2.0 kg
 0.25  2)  2.0 kg  0.10  ( ) 3)  0.5 kg  

1.65  4)  4   6  
 

0.15  
   

 
 602/2547  

  
  

 1:4 1:5  1:6  
 50 10  0   

 
 1:6   50  
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Abstract

This research aims to develop printing ink and optimal conditions for screen printing on 
cotton fabric using natural colorants from black and red soil. The colorant powder, comprising 
10 g, was blended with a prepared printing powder of 40 g at room temperature. Screen printing 
was conducted on cotton fabric, examining the impact of color-baking durations at intervals 
of 0, 5, 10, and 15 min at a temperature of 150 oC. Additionally, the e  ects of two di  erent 
mordants such as Marl and sodium chloride at a 10% w/v concentration, were investigated 
concerning color fastness during washing, exposure to bleaching agents, sunlight, and abrasion 
resistance. The results of testing indicated that the cotton fabrics screen-printed with black 
and red soil colors with baked for 15 min exhibited the best colorants. When Marl was used 
as a mordant, the colors appeared richer, while sodium chloride produced brighter hues. 
The mordant from Marl exhibited superior color fastness for cotton fabrics screen printing 
with black and red soil colors. Furthermore, these colors with excellent durability could be 
screen-printed on various cotton fabric products.

Keywords: Screen Printing; Natural Mordants; Black Soil; Red Soil; Color Fastness
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 [12]

   
 

    
   

  

        
    

    (Sodium Carbonate)  (Sodium 
Chloride)  (Sodium Hydroxide)     

        
1. 

  1.1    [9] 
    1( )

  1.2   [5]   
 7.5   2.5   5   5  

 30   
  1.3    [9]  10  

 40    15   1( ) 
 (  9  9 )  1( )  5  

 1( )   1( ) 
 150   0 5 10  15   1 

 ( )  ( )   ( ) 
 1  
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 ( )  ( ) 
 1   ( )

 1 

     
  ( ) ( ) ( ) ( ) ( )
 B1 40 10 - 5 150
 B2 40 10 - 10 150
 B3 40 10 - 15 150
 R1 40 - 10 5 150
 R2 40 - 10 10 150
 R3 40 - 10 15 150

2. 
    [9] 

  
       10 %w/v [13] - [14] 

 10    (L* a*  b*) 
3.    

  3.1      
(Color Value) (Hunter Lab  Color-Flex EZ, )  L* a*  b*  3  

  L*   (0   100 ) a*  
-  (-a*   +a*  ) b*  -  (-b*   

+b*  ) E*   (1) [15] - [16] 

E* = [( L*)2 + ( a*)2 + ( b*)2]1/2 (1)

    
    E*  = 
    L*  =  L*  - L*
    a*  = a*  - a*
    b*  = b*  - b*
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  3.2    
 [17] 

    3.2.1  
 10 %w/v  3   15   (28± 2 C) 

    3.2.2  
 10 %w/v  1  

    3.2.3   7  

    3.2.4   (Electric iron) 
(Sharp  AM-P333T, 1000 )  Cotton  2   1  

4. 
   SPSS® version 12 (SPSS Inc., ) 

 (One-way ANOVA) 
 Duncan’s New Multiple Range Test  95

1. 
   ( E*) 

  2  15  ( E* = 0.75± 0.13) 
  E*  

 5  ( E* = 0.19± 0.02)  10  ( E* = 0.57± 0.08)  
(p  0.05)  15  ( E* = 0.66± 0.11)  E*

  5  ( E* = 0.20± 0.05)  10  ( E* = 0.41± 0.03) 
 (p  0.05)  15  

  [9] 
 

 2 

  
E*

  
  ( )    

 B1 5 0.19± 0.02c   
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 2  ( )

   
E*

  
  ( )    

 B2 10 0.57± 0.08b   

 B3 15 0.75± 0.13a   

 R1 5 0.20± 0.05c   

 R2 10 0.41± 0.03b   

 R3 15 0.66± 0.11a   

: a-c  
    95 (p 0.05)

2. 
   3 

  
( )  L* 

 a*  b*  (p  0.05)  
  L*   a* 

  b*   (p  0.05) 
 

 
  L*   a*   b*  

 (p  0.05)  
 

  L*   a*   
b*   (p  0.05)  
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 [18]  

     
  

 3 

     
   L* a* b*

   30.13±0.57b 1.86±0.13b 2.09±0.27b

   27.45±0.94c 2.43±0.02a 3.29±0.14a 

   33.39±1.02a 1.34±0.05c 1.18±0.18c

   49.99±1.33b 11.66±0.35b 12.15±0.35b

  

   45.75±1.34c 13.57±0.46a 13.49±0.40a

   53.78±2.02a 10.25±0.87c 10.79±0.71c

: a-c  95 
   (p 0.05)

3. 
   4  ( E*)  ( L*) 

   
 

  ( )  E*  L* 
  

  
 (p  0.05)   E*  

L*   
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 (p  0.05) 
 [19] - [20] 

 [21] 
 

 
 

  
 [22]  

 [23]  
 

 4  

:  a-c   95 
  (p 0.05)

4.  
   2     

 
 

  

   
 

    

 

 E* 2.57+0.06a 1.32+0.08a 2.14+0.12a 1.10+0.07a 

 L* 2.47+0.04a 0.98+0.11a 1.93+0.09a 1.90+0.05a 

 E* 0.37+0.05c 0.30+0.03c 0.28+0.04c 0.10+0.02c 

 L* 0.14+0.02c 0.06+0.01c 0.19+0.02c 0.05+0.01c 

 E* 2.10+0.09b 1.18+0.05b 1.05+0.01b 0.75+0.03b 

 L* 2.03+0.04b 0.46+0.02b 1.28+0.03b 0.72+0.05b 

 

 E* 4.20+0.18a 2.67+0.15a 1.92+0.10a 0.57+0.03a 

 L* 1.84+0.06a 1.62+0.10a 0.80+0.11a 0.32+0.02a 

 E* 2.21+0.14c 0.66+0.10c 1.18+0.08c 0.14+0.02c 

 L* 0.34+0.08c 0.04+0.01c 0.08+0.02c 0.02+0.01c 

 E* 3.41+0.12b 1.76+0.12b 1.57+0.14b 0.29+0.03b 

 L* 1.20+0.02b 0.57+0.04b 0.60+0.04b 0.10+0.01b 
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   10   40   150   

15    
 2    

 10 %w/v  
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 Streptococcus mutans 

 (MIC)  0.25 /  
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 DPPH Radical Scavenging Assay   

IC50  16.06 /  
 BHT  

      
   pH = 6.7 
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Abstract

This study aims to test the antibacterial e   cacy and antioxidant activity of leaf extract and 
Maweng Kruea fruit extract and develop a mouthwash product containing extracts from guava 
leaf and Maweng Kruea. The experiments were conducted by extracting both herbs with 
95 % ethanol. Research results indicated that herbal extracts possess inhibitory e  ects against 
Streptococcus mutans. The minimum inhibitory concentration (MIC) that can inhibit microbial 
growth was found at 0.25 mg/mL, while the minimum bactericidal concentration (MBC) for 
killing bacteria was found at 0.25 mg/mL, with an MBC/MIC ratio of 1. The mouthwash composed 
of guava leaf and Maweng kruea fruit extracts exhibited antioxidant properties with an IC50

of 16.06 L/ml. The developed mouthwash from these herbal extracts was found to have 
physical properties suitable for oral use, including a clear yellow color, slightly bitter and 
slightly sweet taste, minty aroma, slight cooling sensation, no tongue irritation, and a pH value 
of 6.7, making it suitable for oral conditions.

Keywords: Guava Leaf Extract; Maweng Kruea Fruit Extract; Moutwash; Antibacterial; Streptococcus mutans

 (WHO)   
  

  
  [1] 

 90 %     
 [2]     

     
    [3] 

 [4] 
   

    
   

  

  
   

   
  Tannins, Guajaverin, Quercetin, Essential oil  Ellagicacid 

 [5]  
 [6]    

  Streptomycin
 [7]
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   2  

 Streptococcus mutans  
 (Minimum Inhibitory Concentration; MIC) 

 (Minimum Bactericidal Concentration; MBC)  
Broth Dilution Assay  

1.  DPPH Free Radical Scavenging Assay
  1.1     Rotary Evaporator
  1.2  95 % Absolute Ethanol
  1.3  2,2-diphenyl-1-picrylhydrazyl (DPPH)
  1.4  Butylated Hydroxytoluene (BHT)

2. 

 1 

     
    
   
 70 % Sorbitol   
 Glycerin   , 

Propylene Glycol    
 10 % Menthol in Alcohol  
 Peppermint Oil    
 95 % Ethanol   
 70 % Ethanol   
    

3. 
    (Psidium guajava L.)  
(Solanum trilobatum L.)    
50   24 - 48   

 500   300   2  
95 % Ethanol  7    
Whatman  1  
(Rotary Evaporator)  -20   
% Yield  (1)
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(1)

4.   DPPH Radical Scavenging Assay
   2,2-diphenyl-1-picrylhydrazyl radical scavenging 
assay  

 DPPH  Oxidation  Ethanol 
 DPPH Reagent  2.0  

  4.1   DPPH 7.9   Volumetric Flask  100   Ethanol
 

  4.2     96 Well Plate  
100 
  4.3   DPPH Radical  

 100 
  4.4   30 
  4.5   UV-Vis Spectrophotometer  520 
  4.6   3  
  4.7   % Inhibition  (2)

 (2)

   
    Control OD     DPPH 
    Sample OD     DPPH
  4.8   % Inhibition   Linear Regression

 Oxidation  50 % (50 % Inhibitory Concentration: IC50)

5. 
   Streptococcus mutans  NCTC 10449 (IFO 13955) 

  ATCCM Guidelines  
Brain Heart Infusion Agar (OXOID CM1135)  Brain Heart Infusion Broth (OXOID 
CM1135)  37   24 - 48  

 (Minimum Inhibitory Concentration; MIC)  
(Minimum Bactericidal Concentration; MBC)  Broth Dilution Assay 

 MIC  MBC  MIC  MBC  Broth Dilution Assay
 Streptococcus mutans  0.5 x 10 CFU  Brain Heart 

Infusion Broth  Microtiter Plate  96   1 0.5 0.25 
0.125 0.0625 0.03125 0.015 0.0075  0.00375 /   37  

 12 - 16 
  5.1   (MIC)
     (1 0.5 0.25 0.125 0.0625 

 % Yield =    x 100
        

% Inhibition = Control OD - Sample OD
                                                  Control OD x 100
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0.03125 0.015 0.0075  0.00375 ( / )  Microtiter Plate  96  
 37   12 - 16   Resazurin  

44    3   MIC 
  DMSO  Clarithromycin

  3 
  5.2   (MBC)
     Microtiter Plate

 96   37  
 

 37   12 - 16   MBC 
  DMSO  

Clarithromycin   3 
6. 

  
 [8]  6   6 

 pH  6.7 
 Streptococcus mutans

 2 

    
    5 
 70% Sorbitol   4.5 

Glycerin   1 
Propylene Glycol   2 
Peppermint Oil   0.03  (1 )

 70 % Ethanol   2.5 
    50 

   2  2   95 % 
Ethanol  5   20   Propylene Glycol PEG 400  2  

  70 % Sorbitol 4.5   Glycerin 1   
 Peppermint 1   70 % Ethanol 2.5   

  50 
  -  (pH Measurements)    2  

 10   
- -  (Eutech Instruments)  (21  ± 2) 

   pH
 6.2 - 7.72 
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1. 
   95 %  

  130.56  
 2   800   % Yield  16.32 /

  1

 1 

2. 
   Streptococcus mutans 

 Streptococcus mutans 
 (MIC)  Broth Dilution Assay 

 0.25 /  
 (MBC)  0.25 /   

MBC/MIC  1 
  Agar Dilution   

 2 /  
 4 /  

 Agar Dilution  
  Broth Dilution Assay 

 
 Streptococcus mutans 
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 ( )   ( ) 
 (MIC) ( / ) (MBC) ( / )

 2 

3. 
   

 BHT  Free Radical Scavenging Assay (DPPH Assay)  3 

 3  DPPH Radical Scavenging Assay 

 IC50 Values of DPPH Radical Scavenging Activity ( / ) 
   16.06
 BHT  46.98

   DPPH Radical Scavenging Assay 
 IC50  IC50  16.06 /  

 BHT  IC50  46.98  /  
 BHT   IC50

 BHT
4. 

  
 6 

   70 % Sorbitol  Glycerin 
  PEG 400  

  PEG 400  2  
 1.5   

  Peppermint Oil  Alcohol  95 %  
70 %    4
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 4 

   
   
   
       
 pH  6.7

   4  
      

 pH 6.7 

 3 

1. 
  

 
  

    
 IC50  16.06  /   BHT  IC50  

46.98  /   
 BHT

    Streptococcus 
mutans   Minimum Inhibition Concentration (MIC)  Minimum 
Bactericidal Concentration (MBC)  Broth Dilution Assay 

 0.25 /   Streptococcus 
mutans  0.25 /
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   pH  6.7 
 pH  6.2 - 7.72

2. 
    

  Streptococcus mutans 
 2    95 % Ethanol  

Streptococcus mutans  
(MIC)  Broth Dilution Assay  0.25 /  

 (MBC) 
 0.25 /   MBC/MIC  1 

 
 [9]  5 /  

 10 /   
 Streptococcus mutans 

 0.25 /   2 
 1  

 [8]     
   pH 

  
   .

    .    
  

 . . 2566  
  

   .
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Abstract

Butterhead is a type of lettuce that is commonly consumed fresh. Currently, it is popular to 
grow fresh vegetables using a hydroponic solution system. The objective of this study was 
to examine the e  ect of using animal manure extract solutions on the growth of butterhead 
lettuce, grown in plastic pots using a soil substitute of sand mixed with rice husk charcoal. 
A randomized trial was conducted, consisting of six treatments: (1) chemical fertilizer (16-16-16), 
(2) vermicompost extract, (3) swine manure extract, (4) chemical fertilizer alternating with 
vermicompost extract, (5) chemical fertilizer alternating with swine manure extract, and 
(6) vermicompost extract alternating with swine manure extract. The results indicated that 
there are highly signi  cant di  erences (P<0.01) in the growth (growth in terms of bush width, 
height, number of leaves, leaf length, and leaf width) and chlorophyll content within treatments. 
The results of the experiment can be divided into three groups: (1) butterhead lettuce supplied 
with chemical fertilizer, (2) butterhead lettuce grown with a chemical fertilizer solution 
alternating with animal manure extract, and (3) butterhead lettuce provided with animal manure 
extract. A signi  cant di  erence (P<0.01) was found between the yield of each fertilizer, 
with the  rst group producing the most fresh weight of yield when compared to the other 
groups. The next highest producing yields were from chemical fertilizers alternating with 
swine manure extract solution, and chemical fertilizers alternating with vermicompost extract 
solution, respectively.

Keywords: Butterhead Lettuce; Vermicompost Extract; Swine Manure Extract; Substrate Culture System

 (Lactuca sativa var. capitata Lam.)    
   

   
      

  95 %  1 - 2 %  1 - 2 %  0.25 % 
  (Hemoglobin)   

 [1] 
  (Swine Manure)  

     
         

     
   

 35 % 
 50 %  2 

 [2]  
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    2.38 16.25  0.11  
 [3]   2.68%N

8.5%P2O5 1.67%K2O   
    

 1   10   24  
 10 - 20    

  
   

  
 [4] 

  (Vermicompost)  
 
    (Peat) 

   (NPK)     
  

 [5]
  

    
     

   
  [6]   

  
 3     (Hydroponics) 

 (Aeroponics)  (Substrate Culture) 
  

        [7] 
 1:1 

    
   A B   

  
  . . 2561  

  
     (Nitrate) 

  
 

 (Nitrite)  
 (Amine)  (Nitrosamine)  
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1.    Coco Peat
  1   

 (  2 )  
8   (  )  1   

 1    100 /  
 5   1  

2. 
  2.1   16-16-16   4   100 /

 (  E.C. = 7891 S/cm)  5   5  
 1  

  2.2    1 
 20    1  

  1  4  (  E.C. = 491 S/cm) 
 100 /   5    

 
  2.3    1  20  

   1  
  1  4  (  E.C. = 790 S/cm)  

 100 /   5     
  2.4    2:1 

 8  
  2.5  -    7 

3.  Completely Randomized Design (CRD)  6   
 10  

   1  16-16-16 
   2  
   3   
   4   16-16-16 
   5   16-16-16
   6  

4. 
  4.1     (

)      Chlorophyll Meter 
SPAD 502 plus
  4.2       

 
5.   Analysis of Variance (ANOVA) 

 Duncan’s Multiple Range Test (DMRT)  95 %
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   5  
1.   2 - 4  

 (P>0.05)  6 - 8  
 (P<0.01)  8  

 16-16-16  23.93  
  

   
 15.69  (  1)

 1 

    ( )
  2 4 6 8
  4.82±0.76 11.86±1.26 20.78±1.98a 23.93±2.49a

  5.39±0.70 12.51±1.13 17.02±1.69c 15.69±2.32d

  4.66±1.16 10.83±1.40 17.08±0.77c 17.72±2.19c

  5.60±1.97 11.89±1.36 18.60±1.06b 20.86±2.43b

  5.20±1.30 11.97±1.28 17.93±0.91bc 21.41±0.93b

  5.29±0.77 11.93±2.46 17.3±1.69bc 18.97±1.15c

 F-test ns ns ** **
 CV (%) 21.91 12.52 7.95 9.70

: ns  95 % (P>0.05)
  **  99 % (P<0.01)
    DMRT

    95 %

   2  6 
 (P>0.05)  4  8   (P<0.01) 

 8  16-16-16  
3.79   

 2.57  
  (  2)

   2 - 4  
 (P>0.05)  6 - 8  

 (P<0.01)  8  
   38.40  

 23  (  3)  
 16-16-16  7
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 2 

    ( )
  2 4 6 8
  1.31±0.24 1.62±0.08b 2.53±0.19 3.79±0.17a

  1.20±0.17 1.63±0.11b 2.38±0.16 2.59±0.19b

  1.29±0.21 1.68±0.10b 2.47±0.14 2.67±0.18b

  1.31±0.11 1.74±0.20b 2.57±0.26 2.60±0.12b

  1.27±0.07 1.73±0.18b 2.50±0.11 2.62±0.06b

  1.38±0.12 1.89±0.24a 2.41±0.17 2.57±0.11b

F-test ns ** ns **
CV (%) 11.81 8.78 6.88 4.90

 : ns  95 % (P>0.05)
   **  99 % (P<0.01)
    
   DMRT  95 %

 3 

    ( )
  2 4 6 8
  5.90±0.32 9.30±0.67 17.80±1.75a 38.40±3.34a

  6.10±0.57 9.00±0.82 14.70±1.06c 23.00±1.56c

  6.00±0.67 9.30±0.67 14.80±1.03c 23.20±2.74c

  6.00±0.47 9.10±0.74 16.00±1.05bc 34.90±3.35b

  5.70±0.67 8.90±0.57 16.40±1.26b 34.60±4.88b

  6.10±0.32 9.10±0.74 16.00±1.83bc 24.80±3.65c

F-test ns ns ** **
CV (%) 8.42 7.70 8.35 10.91

 : ns  95 % (P>0.05)
  **  99 % (P<0.01)
    DMRT 

    95 %

  2 - 4  
 (P>0.05)  (P<0.01) 

 6 - 8   8 (  ) 
 16-16-16  12.01  

  7.93  (  4)
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 4 

    ( )
  2 4 6 8
  4.22±0.48 7.70±0.60 10.27±0.85a 12.01±1.00a

  4.26±0.30 7.63±0.61 8.02±1.13c 7.93±0.83d

  3.93±0.61 7.40±0.73 8.46±0.98bc 8.93±0.91c

  4.55±0.59 7.59±0.77 9.98±0.87a 10.47±1.17b

  4.40±0.56 7.32±0.40 8.99±0.64b 10.76±0.96b

  4.55±0.36 7.22±0.99 8.14±0.93bc 8.90±0.75c

F-test ns ns ** **
CV (%) 11.18 9.11 10.01 9.52

 : ns   95 % (P>0.05)
  **   99 % (P<0.01)
    
   DMRT  95 %

  2 - 4  
 (P>0.05)  6 - 8   (P<0.01) 

 8  16-16-16 
 8.36  

   
  4.93  (  5)

 5 

    ( )
  2 4 6 8
  1.72±0.17 3.39±0.36 6.99±0.71a 8.36±1.06a

  1.79±0.13 3.23±0.21 4.77±0.44d 4.93±0.43c

  1.63±0.27 3.30±0.36 5.02±0.63cd 5.49±0.90c

  1.85±0.28 3.38±0.35 5.62±0.82bc 6.84±1.12b

  1.82±0.23 3.47±0.24 5.88±070b 7.56±0.59b

  1.89±0.17 3.47±0.58 5.18±0.69cd 5.43±0.50c

F-test ns ns ** **
CV (%) 11.51 10.34 11.94 11.89

 :  ns   95 % (P>0.05)
  **   99 % (P<0.01)
    DMRT 

    95 %
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   4   
(P<0.05)   2 6  8  

 (P>0.05  P<0.01)  8 
 16-16-16  36.45 SPAD unit  

  
 

  22.83 SPAD unit (  6)

 6 

    ( )
  2 4 6 8
  21.32±1.35a 21.91±3.71 32.69±4.52a 36.45±2.23a

  20.91±1.93ab 20.74±1.89 25.23±2.92b 26.37±3.78c

  19.09±2.50bc 19.67±3.23 25.70±3.20b 22.83±3.59d

  18.90±1.74c 21.08±1.37 27.97±2.24b 31.06±2.49b

  20.69±1.61abc 18.76±3.67 28.47±2.60b 30.83±4.20b

  19.67±2.60abc 21.58±3.20 27.56±4.73b 25.09±3.40cd

F-test * ns ** **
CV (%) 9.74 13.78 12.05 11.41

 :  ns   95 % (P>0.05)
  *   95 % (P<0.05)
  **   99 % (P<0.01)
     DMRT 
    95 %

   
(  1 2 3 4  5)  3    1  16-16-16 

  
  [8] 

 [9] 
    

   [10] 
 [11]  3  

   AB    
   AB  

  3  [12] 
   

 
  2    
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  3   
  

 
 (EC)    

EC 491 S/cm  EC 790 S/cm  16-16-16 
 EC 7891 S/cm  EC  10  

  EC  
 500 - 2000 S/cm  EC   

 2 - 4   
 

 6 - 8  
 16-16-16  

 
  8.22 % 

 [13]  [14] 
 

  
 

 
 (  A  B  1:200) 

 (  50 %) 
2.   (  8 ) 

 (P<0.01)  3   
 16-16-16  100 ./   5   

 99.25   2  
 5   3  

  5   
 14.07 /  (  7) 

 [10]  
  8  

 (P<0.01)   
  (  7) 

 
 [10]  

 
 

 
  

(P<0.01)   
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(  7)  

 
 

  11.46  (  8) 
 

 
 [10] 

  
 

  [15] 
 50 % 

  [16]  
 

  20 %  
  

 EC   
  [17] 

     

 7   
  

   ( )  ( ) /
  99.25±22.47a 5.04±0.97bc 19.90±4.08a

  14.07±2.25c 6.28±1.56ab 2.35±0.44b

  21.21±7.23c 5.21±1.57abc 4.10±0.77b

  82.02±6.22b 4.46±0.81c 18.79±2.75a

  88.53±6.72b 5.08±0.84bc 17.83±2.94a

  18.03±4.57c 6.37±1.55a 2.88±0.72b

 F-test ** ** **
 CV (%) 15.31 22.53 15.31

:  **  99 % (P<0.01)
     DMRT

    95
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 8  

    (%)  (%)
   6.11±0.35c 7.97±0.39bc

   9.58±0.33a 11.46±1.13a

   8.84±0.57b 9.39±0.74ab

  6.75±0.23c 6.08±0.84c

  6.29±0.30c 6.44±3.34c

  9.65±0.27a 9.42±0.12ab

 F-test  ** **
 CV (%)  4.33 12.92

  **  99 % (P<0.01)
     DMRT

    95 %

 1. 
 16-16-16  4 g/L  100 ml/   5   

 
 2.   16-16-16  

  
4   
 3.  
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Abstract

This research studied the mechanical and morphological properties of polypropylene 
blended with Ethylene Propylene Dine Monomer (EPDM) rubber powder from automotive 
door seals. EPDM rubber powder was prepared as non-devulcanized and devulcanized by a 
thermo-mechanical method. The devulcanization of EPDM rubber powder in the crushing stage 
on a two-roll mill was studied at 220 °C and 230 °C, and a roller speed of 40 rpm for 25 minutes, 
and then further mashed in an internal mixer at 200 °C, and a rotor speed of 140 rpm for 
10 minutes. Then, the devulcanization ability of the rubber was determined using the Soxhlet 
Extraction method to select the appropriate temperature. Both types of EPDM powder were 
mixed in polypropylene (PP) in the ratio of 0/100, 10/90, 20/80, 30/70, and 40/60 %wt. 
using an internal mixer and molded into a sheet by a hot press. It was found that the rubber 
devulcanization in the crushing stage on a two-roll mill with a temperature of 230 °C had 
a higher sol content than that of 220 °C, indicating a better ability to devulcanize. The tensile 
modulus of PP blends decreased with increasing both types of EPDM rubber powder, while the 
elongation at break and impact strength increased. The tensile strength tended to decrease 
when increasing with non-devulcanized and devulcanized EPDM at 30 and 40 %wt., respectively. 
The addition of devulcanized EPDM into PP gave rather better mechanical properties than 
that of non-devulcanized EPDM. The reason was that the devulcanized EPDM was a smaller 
powder and had a good dispersion, resulting in more surface area for adhesion with the 
PP matrix. In addition, the devulcanized EPDM that was scissored crosslinks became the free 
molecular chains, leading to a greater compatibility with PP.

Keywords: EPDM Rubber Powder; Automotive Door Seals; Devulcanized Rubber; Polypropylene
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Abstract

The development of infrastructure and Thailand's transportation is a sustainable development 
country goal which consists of transportation management development such as transportation 
management system and service form, Infrastructure such as roads, transport stations, 
and railway routes. Railway transportation is a main issue in the success of transportation 
services. And all over the lifestyle has changed. Therefore, this research aims to study the 
services quality factors of Northeastern lines. The research instrument was a questionnaire. 
The researcher collected data from a sample group for 600 people and used second-order factor 
analysis. The result showed that the service quality is measured by vehicle characteristics, services, 
information, crews and terminal at a statistically signi  cant level 0.01. Therefore, service providers 
should prepare the information of travel on vehicle and stations, provide the security guard 
in station, manage getting on and o   trains at platform and clean the station regularly.

Keywords: Service Quality Factors; Intercity Rail Transportation; New Normal Transportation
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T01  0.748** 38.397 0.019

 T02   0.748** 38.079 0.02

 T03 0.775** 43.445 0.018

   

 T04    OTOP  0.569** 21.306 0.028

 T05 0.512** 16.227 0.032
 T06 0.620** 23.46 0.026

 T08  0.520** 16.677 0.031

 T10      0.519** 16.683 0.031

   

 T15   ,  0.698** 31.245 0.022

   , ,    
 T16  0.647** 25.79 0.025

   
  (Vehicles) (Cronbach’s Alpha = 0.841 AVE=0.639 CR=0.886)

V01   0.639** 25.568 0.025

V02   0.618** 23.657 0.026

    
V03  0.596** 21.954 0.027

V05  0.636** 25.071 0.025

   

V06 0.577** 20.475 0.028

   
V08  0.777** 45.831 0.017

V09      0.702** 32.775 0.021

 V10  0.674** 29.315 0.023

V11   0.582** 20.997 0.028

V12  0.701** 32.638 0.021

V13     0.619** 23.831 0.026
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   3  1 
     (Cre) 

 (Inf)  (Ser)  (Ter)  (Veh) 
 54  

   (Crews)  8   0.642 - 0.754 

 0.01    (C01) 
   (C02) 

 (C03)   (C04) 
   (C05) 

 (C06)  (C07) 
  (C08) 

 (C06)   0.754 
   (Information)  8   
0.613 - 0.722 

 0.01   (I01) 
 (I02)  (  

  )  (I03)  (I04) 
 (I05)  (I06) 

-   (I07)  
  (I08) 

 (I06)   0.722 
   (Services)  17  

 0.564 - 0.784 
 0.01  

 (S01)  
   (S02) 

 (S04) /   (S05)  (S06) 
/

 (S07)  (S08) 
 (S09)    

    (S10) -  
 (S13)  (S14) 

 (S15)  (S17) 
 (S19) 

 (S20) 
 (S21)   (S24) 

-  (S13) 
  0.784

  (Terminals)  10   0.512 - 0.775 
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 0.01   (T01)   
 (T02) 

 (T03)    OTOP  (T04) 
 (T05)  (T06) 

 (T08)      
 (T10)   

      (T15) 
  (T16) 

 (T03) 
  0.775 

   (Vehicles)  11   0.577 - 0.777 

 0.01    (V01) 
     

(V02)  (V03) 
 (V05) 

 (V06)  (V08) 
     (V09)  

(V10)    (V11) 
 (V12)    

 (V13) 
 (V08)   0.777

   
 0.5  [7]  0.6  [11] 

 (AVE)  0.636 - 0.686  0.5 
  (CR)  0.733 - 0.886  0.5 [12] 

  

 4  2 
  

   4  2 
    (Cre) 

  Loading t-value Error 

Cre  0.972** 128.159 0.008 

Inf  0.977** 136.873 0.007 

Ser  0.998** 244.622 0.004 

Ter  0.966** 133.034 0.007 

Veh  0.999** 194.223 0.005 
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 (Inf)  (Ser)  (Ter)  (Veh) 

 0.01 
 0.972 - 0.999  (Veh)   

0.999  
 0.5  [7]  0.6  [11] 

 (AVE)  0.982  0.5 
  (CR)  0.993  0.5 [12]  

 
  

 (Diagram)  2  
 5  54 

 2 
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Abstract

In this paper, we introduce solutions of the Diophantine equation on the following from: 

where are positive integer such that and . 

The results show that there will be only 1 solution when , there will be only 3 solutions 
when , and there will be at least 4 partial solutions when .

Keywords: Diophantine Equation; General Solutions of Equations; Linear Equation
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