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  (Clitoria ternatea L.) 
 7   

  L* a*  b*  62.99±0.40  69.50±0.29, 
0.26±0.04  1.41±0.13  8.05±0.23  11.73±0.51  

 L* a*  b*  44.78±1.19  55.34±1.51, -11.75±0.01  -7.78±0.52 
 -1.12±0.28  2.93±0.60     

L* a*  b*  40.90±0.28, 6.65±0.09  27.27±0.44   
72.67±1.53  75.00±2.18   68.50±1.32  71.67±2.52  

 15.52±1.78  16.57±1.75  pH 9.70 - 9.86 
 2.16±0.11  4.65±0.36 AAE/  1  

 
 20   

 : ; ; ; ; 

1  
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Abstract

This research aimed to develop glycerin soap products containing marl, a raw material abundantly 
produced in Lopburi province, and butter  y pea  ower extract (Clitoria ternatea L.). 
The physical and chemical properties of seven di  erent soap formulations were studied and 
compared. The results of the study indicated that the soap has no foreign substances. The color 
values expressed as L*, a* and b* of the marl soap ranged from 62.99±0.40 to 69.50±0.29, 
0.26±0.04 to 1.41±0.13, and 8.05±0.23 to 11.73±0.51, respectively. For the soap containing 
marl and butter  y pea extract, the L*, a*, and b* values ranged from 44.78±1.19 to 55.34±1.51, 
-11.75±0.01 to -7.78±0.52, and 1.12±0.28 to 2.93±0.60, respectively. The color values for 
the soap containing marl, butter  y pea, and turmeric extracts, the L*, a*, and b* values were 
40.90±0.28, 6.65±0.09, and 27.27±0.44, respectively. All soap formulas exhibited bubble 
volume values ranging from 72.67±1.53 to 75.00±2.18 mL, bubble durability from 68.50±1.32 
to 71.67±2.52 mL, erosion percentage from 15.52±1.78 to 16.57±1.75, and pH values between 
9.70 to 9.86. The antioxidant activity of the soap, compared to the ascorbic acid standard, 
ranged from 2.16±0.11 to 4.65±0.36 AAE/gram of soap. Soap with added butter  y pea extract 
and turmeric demonstrated higher antioxidant activity than the control soap. The satisfaction 
assessment results for the soap products and packaging among a sample of 20 people were very 
satisfactory. Therefore, the developed soap can be used as a prototype product for the community.

Keywords: Soap; Marl; Butter  y Pea; Extract; Antioxidant
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 1 

   ( )  ( )  ( )  ( )
 M1 25 - - -
 M2 25 1 - -
 M3 25 2 - -
 M4 25 1 1 -
 M5 25 1 2 -
 M6 25 1 3 -
 M7 25 1 2 0.05
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 [19]  (MDX50, Nikon, 
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2. 
    L*  33.00±0.79  
69.50±0.29  L* 

   M3  1  
  (M4 - M7)  L*  1  

(M2)  a*  -11.75±0.01  6.65±0.09 
 (M4 - M6)   

 (M7)   b*  -4.94±0.35  27.27±0.44 
  b*  

 M7   b*   
(M1)  L* a*  b*  33.00±0.79, -0.35±0.05  -4.94±0.35  (  2)

 2 

  
  L*±S.D. a*±S.D. b*±S.D.
 M1 33.00±0.79 -0.35±0.05 -4.94±0.35
 M2 62.99±0.40 0.26±0.04 8.05±0.23
 M3 69.50±0.29 1.41±0.13 11.73±0.51
 M4 55.34±1.51 -7.78±0.52 2.93±0.60
 M5 46.63±1.03 -10.45±0.47 0.34±0.60
 M6 44.78±1.19 -11.75±0.01 -1.12±0.28
 M7 40.90±0.28 6.65±0.09 27.27±0.44

 ±S.D. (n = 3)

3. 
   7   

 72.67±1.53  75.00±2.18   68.50±1.32  
71.67±2.52      

 68.33 - 80.67  
 64.67 - 75.00  [22] 

  66.33 - 76.67  62.33 - 70.67 [20]

 3     pH

    
  ( )±S.D. ( )±S.D. ( )±S.D.

pH±S.D.

 M1 72.67±1.53 68.50±1.32 15.52±1.78 9.70±0.06
 M2 73.33±2.31 69.83±1.76 15.66±1.14 9.86±0.02
 M3 74.17±1.15 70.33±2.02 15.87±1.69 9.73±0.01
 M4 74.50±1.32 70.67±1.04 15.99±0.86 9.76±0.03
 M5 74.67±1.53 70.83±1.26 16.10±1.01 9.86±0.11
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 3     pH ( )

     
pH±S.D.

  ( )±S.D. ( )±S.D. ( )±S.D.
M6 75.00±2.18 71.67±2.52 16.57±1.75 9.85±0.02
M7 74.50±1.32 70.50±1.80 15.85±1.39 9.83±0.13

 ±S.D. (n = 3)

4. 
   15.52±1.78  16.57±1.75  3 

 23.09 - 24.90  [20]
5. -

  -   pH    pH
 9.73±0.01  9.86±0.11  (M1)  pH  9.70±0.06 

 . 94/2552    pH
 8 - 10 [20], [23], [25] - [26]
6. 

   (DPPH) 
 2.16±0.11  4.65±0.36 AAE/  1  

 (ANOVA Analysis) 
 95  Duncan’s Test (SPSS 

Statistics 25, IBM, )  M4 - M5  
(p 0.05)   M7  

  4.65±0.36 AAE/  1    M6, M5  M4 
 3.61±0.16, 3.05±0.12  2.61±0.14 AAE/  1   

 M1 - M3   2.16±0.11  2.21±0.17 AAE/  1  
 3  (p>0.05)  4 

 (M4 - M6)  M5 
 2   M7 

 2   0.05  
 

 [13]  [18]
7. 

   3   
  (M2)  (M5)  

  (M7)   5 
 20   4.55±0.51  4.75±0.44  

 4.20±0.62  4.30±0.47  
 4.50±0.51  4.55±0.60   

4.65±0.49  4.70±0.47   4.90±0.31 
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 (  4) 
 4.32±0.48  4.55±0.51  

 4.75±0.44  4.80±0.41 

 4   a-e  (n = 3) 

 5 

 4 

  M2 M5 M7
   ±S.D. ±S.D. ±S.D.

  4.55±0.51 4.65±0.49 4.75±0.44
   4.20±0.62 4.30±0.47 4.25±0.55
   4.50±0.51 4.55±0.60 4.55±0.51
  4.65±0.49 4.70±0.47 4.65±0.59
   4.90±0.31 4.90±0.31 4.90±0.31
  4.32±0.48 4.50±0.51 4.55±0.51
  4.80±0.41 4.79±0.42 4.75±0.44

 ±S.D. (n = 20)
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(Shelf-Life) 

 (  2567)  . .
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Abstract

This research aimed to investigate the e  ect of fermentation and using pullulanase and 
retrogradation time on resistant starch (RS) content and properties of legume  our. The legume 
 ours (mung bean, red kidney bean and soybean) were naturally fermented for 1 day and 

the fermented legume  ours were debranched by hydrolyze the -1,6-Glycosidic Linkages 
by pullulanase (40 U/g) at 50 oC for 12 24 36 and 48 hours. The optimal incubation time 
with high degree of pullulanase hydrolysis was 24 hours. The fermented debranched  ours 
were then induced at 4 oC for 1 3 5 7 and 14 days. The results showed that the optimum 
retrogradation time was 14 days with high RS content. The modi  ed resistant starch was 
analyzed its granule structure by Scanning Electron Microscope (SEM) and showed that 
there was not found the granule starch with an irregular shape. The crystalline structure of the 
modi  ed resistant starch by X-Ray di  ractometer (XRD) showed that all 3 kinds of legumes 
were A-type patterns. It was found from this study that the process used to modify the starch 
can increase the RS content with the di  erent granule structure and crystalline structure, 
resulting in a variety of resistant starch that could be applied as food ingredients in healthy foods.

Keywords: Resistant Starch; Legume Flour; Pullulanase; Retrogradation

   
 16 - 33  19 - 28   

  
  

   
   [1] 

 
 [2] 

  (Healthy Foods)  (Functional Foods) 
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 4   RS1  

 RS2    RS3 
 (Retrograded Starch)  

  RS4  [3] 
      

 [4] 
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 RS     

    
 

    
        

 [5] 
  1  

 25 %  105   RS   RS
 -1,6 Glycosidic Linkages

 RS   (Retrogradation) 

 RS    
  [6]   

 -1,6-Glycosidic Linkages  0.02   
50   36   

 
 -1,6-Glycosidic Linkages  

 
 (Functional Food) 
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 (Debranching)  -1,6-Glycosidic Linkages  
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50   12 24 36  48   Autoclave
 121   30  

   
 (Degree of Pullulanase Hydrolysis; % D.H.)  

 (  [4])  % D.H.  (1) 
 

       =       x 100       % D.H.      (1)

  
  Autoclave  121   30  

 4   0 1 3 7  14  
  100 Mesh   

4  (  [6]) 
 RS  RS 

  
 

3. 
  3.1   RS (  [7])  RS  
0.5   pH 6.0  25    0.2  

 95   30   pH
 4.5  0.275   0.5  

 60   30   
 0.5   30   3,000  
 10   10   2   85 

     
60   45   RS  (2)

   RS ( ) =     ( )    x 100
                                                    ( )

(2)

  3.2    [8]
  3.3    DNS Method [9]  

 Phenol-sulfuric [10]
  3.4        AOAC [11] 

  = 100 - (  +  +  +  + )
4. 

  4.1    Scanning Electron Microscope (SEM) 
  

 SEM  100 500 1,000  5,000   kV  10
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  4.2    Laser 
Di  raction Particle Size Analyzer  He-Ne   
1 - 3,000  
  4.3    X-Ray Di  ractometer (XRD)  
X-ray  40 kV  40 mA  2   4o - 45o  0.1o/ 

5.   3   
(Completely Randomized Design; CRD)  

  RS   
 T-Test  0.05 (  95) 

  
 Analysis of Variance (ANOVA)  Duncan’s 

New Multiple Range Test (DMRT)  95

1. 
     

  1   1  
 (p  0.05)  

  34.67±1.00 
  

8.67±0.06 ./ .  RS  3   
(p  0.05)  RS   RS  25.06±1.22

 1  

     
      
  ( )   
    32.01b±0.97 20.42b±0.88 10.82b±0.75
    34.67a±1.00 23.32a±0.78 14.87a±0.98
  ( ./ .)   
    1.35b±0.03 4.56b±0.07 0.49b±0.02
    5.44a±0.04 8.67a±0.06 0.95a±0.01
  RS ( )   
    22.08a±0.70 28.45a±1.03 16.35a±0.59
    19.67b±0.89 25.06b±1.22 14.80b±0.45

: 
   (p<0.05) 
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2. 
    40  

 (% D.H.)    1  
 1   % D.H.  24  
 74.22 %  51.02 %  % D.H.  

 60.63 %  67.01 %  3  
 % D.H.  24 36  48   (p>0.05) 

 24  

 1  (% D.H.) 

3.  RS
   RS 

 40  24  
 4   0 1 3 7  14   2 
 1   14   3   RS   

RS  21.65  30.98 (p  0.05)  RS  25.66 
 33.02 (p  0.05)  RS  19.65  28.44 (p  0.05) 

    RS  
 RS    (p  0.05)

 2  RS 
   4 

 ( )   RS ( )
    
 0 21.02Bc± 0.24 24.78Ad± 0.44 19.11Cd± 0.30
 1 21.65Bbc± 0.12 25.66Ad± 0.19 19.65Cd± 0.22
 3 25.72Bb± 0.40 27.54Ac± 0.22 22.37Cc± 0.48
 7 28.02Aa± 0.66 30.00Bb± 0.47 25.64Cb± 0.17
 14 30.98Aa± 0.56 33.02Ba± 0.36 28.44Ca± 0.68

:  a,b,c  (p<0.05)
   A,B,C  (p<0.05)
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4.  
      1  

 (40 )  24   4  
 14   

  3  3  22.03± 2.01  
34.21± 3.00  1.67± 0.02  2.50± 0.08  38.51± 1.12  
51.10± 3.05  1.15± 0.49  1.74± 0.27  5.42± 0.88  
8.58± 0.56     

  3   
    

 3  
   4   14  

    
  ( )    
  (Protein) 22.03± 2.01b 23.42± 1.42b 34.21± 3.00a

  (Ash)  1.67± 0.02b 2.50± 0.08a 1.99± 0.03b

  (Crude Fiber) 38.51± 1.12c 51.10± 3.05a 46.97± 2.41b

  (Fat Oil)  1.22± 0.50b 1.15± 0.49b 1.74± 0.27a

  (Moisture) 8.16± 0.62a 8.58± 0.56a 5.42± 0.88b

  (Carbohydrate) 28.41± 1.34a 13.25± 1.02b 9.67± 0.98c

: a, b  c   
   (p 0.05)

     
Scanning Electron Microscope (SEM)  2 

 3   

 ( )   ( )  ( ) 
 2   100   Scanning Electron 

 Microscope (SEM)

   Laser Di  raction Particle 
Size Analyzer  3     433.61 264.61  
443.97    3  
X-Ray Di  ractometer  4  A
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 2   17.45 19.90  22.50  
2   14.85 17.45 19.90  24.50  A 

 3      
Laser Di  raction Particle Size Analyzer

 4      X-Ray 
 Di  ractometer (XRD)
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 1    
  (p  0.05) 

  
  -  -   

   
    [12]   

  [5] 
   

 3   (p  0.05) 
 (Natural Hydrolysis)  RS2 

 
 (Structure Integrity) 

 
  [13]  [14] 

 (Taro Flour)  18  
   

Autoclaving-Cooling  2.8  
  -1,6 Glycosidic Linkages 

 
   2 

  [15]  
  0  48   0.44 

 1.55 % 
 4   [16]

  
 3 (RS3)  

  
  RS  [4] 

 RS  [6]  
  (  0.02 ) 

 4  14   RS  3  
 [17]  (Chickpea) 

 (Hydrolysis)  (40   10 ) 
 Autoclave  121   30   

4   24   RS  16 
 32 (p  0.05)

  1  
 24   4   14  

 3   
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    SEM 
 3  

    
     

     [18] 
 

   3 
  [19]  

(Waxy Maize Starch)  
  (Irregular Shape) 
 3  X-Ray Di  ractometer  3   A

 

 [20]  [19] 
 A 

  B  2   14.3 
 19.8  V 

   1  
 40  24  

 4   14   RS 
  RS  

22.08± 0.70  30.98± 0.56  RS  28.45± 1.03  33.02± 0.36 
 16.35± 0.59  28.44± 0.68 

 
 

 
  (Dietary Fiber) 

 

  ( .) 
  2565
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    (F.S.) 

 
 2   3   1:1 

1:2  1:3  C (0.0465 g)  D (0.0656 g)  6  
 

 ( . 1301/1302-61) 
 (Boring Log)  

 Mohr - coulomb   (Undrained Model)  
(Drained Model)   

  C  F.S.  D  F.S. 
 1:1 1:2  1:3    D
 2  C 

 1:3 1:2  1:1 

 : ; . 1301/1302-61; ; ; 
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Abstract

This research studied the stability of soil slopes under seismic loads at Navaminda Kasatriyadhiraj 
Royal Thai Air Force Academy, Mittraphap Subdistrict, Muak Lek District, Saraburi Province. 
The objective of this research is to examine the Factor of Safety (F.S.) for slope stability and 
the displacement behavior of soil layers in both horizontal and vertical directions at a horizontal 
distance of 2 meters from the slope. This study investigated the stability at three slope inclination 
levels: 1:1, 1:2, and 1:3 of soil type C (0.0465 g) and type D (0.0656 g) which supported 
the weight of a 6-story residential building. These slopes were subjected to the impact of 
seismic loads in terms of the spectral response acceleration, which was calculated by the 
equivalent static force method according to the Department of Public Works and Town & 
Country Planning standards (DPT 1301/1302-61). The soil parameters from the Boring Log 
reports were utilized in the analysis using the two-dimensional  nite element method. The soil 
pro  le was modeled employing the Mohr-Coulomb approach, comprising clay layers 
(Undrained model), sand layers (Drained model), and hard soil layers, which were assumed 
to be tightly bonded and capable of transmitting energy to each other. The results indicated 
that soil type C has a higher F.S. than soil type D, with the F.S.  uctuating according to the 
slope inclination ratios of 1:1, 1:2, and 1:3, respectively. In terms of displacement in both 
directions, soil type D exhibited greater movement than soil type C, with displacement varying 
according to the slope inclination ratios of 1:3, 1:2, and 1:1, respectively.

Keywords: Seismic Load; DPT1301/1302-61; Finite Element; Slope; Stability

  
  

     
3      

     
2       

 28      
 10     

   3.0   2   1 
   25  . . 2535  15.00   

101.00    2    
14  . . 2559  14.69   101.38  

   2  
 24    
 

  (Boring Log) 
 GIS (Geographic Information System)  
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  (Natural Slope) 
 (Man Made Slope)  1:1 1:2  1:3  

    [1] 
 

   
   (Finite Element Method) [2] - [3] 

  Pseudo Static Analysis [4] - [6] 
  Body Force

 
 

  
    6  
 (F.S.)  

 2    
   

1. 
  1.1   
     (Maximum 
Considered Earthquake)  0.2  (SS)  1  (S1) 

 
 30    760     

 SS  0.057  S1  0.041 [7] - [8]
  1.2     6 
       6  

   1.1 
  

   6   C
  D  [7] - [8]

  1.3  
      

     (1) - (2) [7] - [8]

 (1)

 (2)

   
       0.2  
          



27ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 3 (September - December 2024)
e257174

        1.0  
          
            0.2  
         C  1.2   0.25  D
         1.6   0.25
            1  
         C  1.7   0.25  D
         2.4   0.25
  1.4  
     0.2  

 1    (3) - (4)  1  2

 (3)

 (4)

   
 1  

 ( )   [7] - [8]

 2  
 ( )   [7] - [8]
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2. 
   (Slope Stability)  

 
 2       

   (Seepage of Water) 
  (Draw Down E  ect) 

   2  [9] - [10]
  2.1   (In  nite Slope) 
  2.2   (Finite Slope)  
      

 (Circular Slip)  Principle of Slice 
   [11] - [12]

    2.2.1  (Force Equilibrium of Single Slice)
    2.2.2   (Moment Equilibrium of Single Slice)
    2.2.3  (Force Equilibrium of Total Mass)
    2.2.4  (Moment Equilibrium of Total Mass)

3.  (Shear Strength)
  

 (Failure Envelop) 
 [13] - [15]  3

 3  [11]

   Mohr and Coulomb   
  (5) - (6) [13] - [15]

 (5)

  
     =  (Shear Strength of Soil)
     =  (Normal Stress)
    c =  (Cohesion)
     =  (Internal Friction Angle)
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 (6)

  
     =  
     =  (Pore Water Pressure)
     =  (E  ective Cohesion)
     = 

4.  Factor of Safety (F.S.)
   Phi-c Reduction  F.S.  

   c  (7) [3]

 (7)

  Mohr-Coulomb Model  (Yield Surface) 
 Elastic-Plastic  

(Soil Parameter)    
  (Elastic)  [3]

5. 
     6   [16] - [19] 

 1   0 - 2 m   2 - 6 m  
 6 - 8 m   -2 m  4

 1 

No.
  Depth   

Soil Classi  cation
 SPT(N) c

Ø
  from  to   (t/m3)  (t/m3) 
 1 4  0 Fill Material   1.80 - 2 22.0
 2 0  2 Very Sti   Sandy Clay 1.75 13 6 -
 3 2  4 Dense to Very Dense Sand 2.00 35 - 34.3
 4 4  6 Very Dense Sand 2.10 70 - 39.0
 5 6  10 Hard Soil   2.20  -  - 42.7

    
          (t/m3)
    SPT(N)    30 cm
    c      (t/m3)
    Ø      ( )
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 ( )  1:1 ( )  1:2

( )  1:3
 4  

   
 1.  C  0.0465 g  D

 0.0656 g
 2.  

   
  PLAXIS 2D [20]

 3.   Mohr and Coulomb  
PLAXIS 2D
 4.    (t/m3) 

 30 cm  (t/m3)  ( )
 5.  (Short-Term) 1 - 3  ( ) 

 1.3  (Long-Term)  1.5   
 FHWA-NHI [21] - [22]

  PLAXIS 2D  
1.  1:1

   1:1  C
 2.11  D  2.06  2   1 

 1:1   5
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   1:1  C
 (0.0465 g)  6.01  -5.10 mm.  D  (0.0656 g) 
 6.55  -5.16 mm.  6   7

 ( ) F.S. = 2.11  C  0.0465 g ( ) F.S. = 2.06  D  0.0656 g

 ( )  1:1  ( )  1:1
  C  0.0465 g   D  0.0656 g

 5  1:1

 ( )  6.01 mm. ( )  6.55 mm. 
 C  0.0465 g  D  0.0656 g

 6  1:1
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 ( )  -5.10 mm.  ( )  -5.16 mm. 
 C  0.0465 g   D  0.0656 g

 6  1:1 ( )

 ( )  C  0.0465 g  ( )  D  0.0656 g
 7  1:1

2.  1:2
   1:2  C

 2.62  D  2.54  2   1 
 1:2   8

   1:2  C
 (0.0465 g)  4.98  -4.57 mm.  D  (0.0656 g) 
 5.49  -4.61 mm.  9    10

 ( ) F.S. = 2.62  C  0.0465 g  ( ) F.S. = 2.54  D  0.0656 g
 8  1:2
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( )  1:2 ( )  1:2 
  C  0.0465 g  D  0.0656 g  

 8  1:2 ( )

 ( )  4.98 mm. ( )  5.49 mm.
 C  0.0465 g  D  0.0656 g 

 ( )  -4.57 mm.  ( )  -4.61 mm.
 C  0.0465 g  D  0.0656 g  

 9  1:2
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 ( )  C  0.0465 g  ( )  D  0.0656 g
 10  1:2

3.  1:3
   1:3  C

 3.05  D  2.94  2   1 
 1:3   11

 ( ) F.S. = 3.05  C  0.0465 g ( ) F.S. = 2.94  D  0.0656 g

 ( )  1:3 ( )  1:3
  C  0.0465 g  D  0.0656 g 

 11  1:3
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 ( )  4.64 mm. ( )  5.17 mm.
 C  0.0465 g  D  0.0656 g

 ( )  -4.41 mm. ( )  -4.46 mm.
 C  0.0465 g  D  0.0656 g

 12  1:3

   
 ( )  C  0.0465 g  ( )  D  0.0656 g

 13  1:3

   1:3  C
 (0.0465 g)  4.64  -4.41 mm.  D  (0.0656 g) 
 5.17  -4.46 mm.  12    13

   PLAXIS 2D  
1:1 1:2  1:3  2
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 2  3 

   
Factor of Safety

 Horizontal Displacement  Vertical Displacement

  Phase  (mm)  (mm)

   Zone C Zone D Zone C Zone D Zone C Zone D
 Excavation Slope 1:1  2.11 2.06 6.01 6.55 -5.10 -5.16
 Excavation Slope 1:2 2.62 2.54 4.98 5.49 -4.57 -4.61

 Excavation Slope 1:3 3.05 2.94 4.64 5.17 -4.41 -4.46

   2 
   F.S. 

   FHWA-NHI [21] - [22]  F.S.  (Short-Term) 1 - 3  
( )  1.3  F.S.  (Long-Term)  1.5 

  F.S.  3   1.3  1.5  F.S.
 2.06  1:1  D   

0.0656 g  F.S.    
  

 
 

  F.S.  C  D 
  

 F.S.   3 
 2   F.S.    F.S.  

  F.S.  

  F.S.   F.S. 

   
 6.55 mm. ( )  -5.16 mm. ( ) 

 0.0656 g   2  
 (Lateral Story Drift)  . 1301/1302-61 [7] 

 ( ) 
  [1] 

 
 

  [2] 

 
 2   

 (Translational Slide) [23] - [24] 
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 ( ) 

  
  

    
  

   
  

  (Heterogeneous Soil)  
 [16]  

 
 

 (Uplift)   (Subsidence) 
 

  [25] 
 

 

 (F.S.)   1  
 [21]  F.S.

 (Short-Term) 1 - 3  ( )  1.3  
F.S.  (Long-Term)  1.5  [22] 

  F.S.  
 SPT-N    6  

 50  30 cm    Ss  S1 
 C   D  0.0465 g

 0.0656 g    F.S.  
[22] 
 1.   (F.S.) 

 
 2.  ( )  
(F.S.)  
 3.   

  (Translational Slide) [23] - [24]
 4. 

 (F.S.)  [22] 
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Abstract

This research article aimed to study the clearance of the second  nishing roller set of the 4-roll 
raw rubber sheet rolling machine a  ecting the period of rolling para rubber sheets and 4-roll 
raw rubber sheet rolling machine e   ciency as well as electrical energy consumption to rolling 
para rubber sheets. The experiments were carried out with the following roller clearance 
settings for each press roller set: the  rst smooth roller set will be set to a clearance of 4.5 mm, 
the second smooth roller set to 3.0 mm, the  rst  nishing roller set to 2.0 mm, and the second 
 nishing roller set will be to three levels: 1.0, 0.5, and 0.1 mm. respectively. The result found 

that the 4-roll raw rubber sheet rolling machine can signi  cantly reduce the overall raw 
rubber sheet rolling time, decreasing rolling time by 82.40 %. The comparisons of the 
production rate per hour represented the 4-roll raw rubber sheet rolling machine performs 
a higher rubber rolling rate than the traditional rolling machine, with an average rolling 
rate of 361.08 sheets per hour. Furthermore, electrical energy consumption was reduced 
by 58.126 %. Adjusting the clearance of the second  nishing roller set to 0.1 mm provides 
the average thickness of rubber sheets after rolling as 2.14 mm. which is the standard size, 
and obtains the highest rolling e   ciency of 88.24 %.

Keywords: Para Rubber Sheet Rolling Machine; Wrought Press Roller; Para Rubber; Rubber Sheet
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 20.98 A  9.76 m 
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Abstract

This article described the cutting process for SS400 steel which is a majority structural steel for 
using in construction work such as building construction bridge construction and automotive 
industry. This paper focuses on the cutting steel of SS400 using Thermatech model TM1634 
and the variable considering in this paper consisted of 1) Air pressure 2) the gap distance 
between the couple of cutting head and 3) cutting speed. The dimension of the test object is 
50 x 50 x 50 mm in term of width length and thickness respectively. In addition, the current 
and average of roughness of surface (Ra) are determined. For the experimental method, this paper 
using Orthogonal Array algorithm based on Taguchi method. The experimental results, 
the deserving values forecasting in term of smaller-the-better can be shown that the cutting 
steel of SS400 by using Thermatech plasma cutting machine model TM1634 with 5 bar pressure 
and 35 mm gap distance and 150 mm/s cutting speed is delivered the current is 20.98 A. 
Moreover, the average of roughness of surface (Ra) is 9.76 with 5 bar air pressure and 40 mm 
gap distance and 250 mm/s cutting speed.

Keywords: Plasma Cutting Machine; Surface Roughness; Taguchi; SS400 Steel

 (Mild Steel)    
      
     

     
  (Plasma Arc Cutting)  

    
 [1] 
     

   
 40 - 50 ampere  [2] 

 SKD 11  
 

 0.25 mm  3     
   

   [3] 
 
     

  2 4  6 mm 
  300 mm/min  80 psi  

40 A  6 mm  0.50 mm 
  400 mm/min  70 psi  35 A

 2 mm  0.24 mm
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  [4] - [8] 
   Thermatech  TM1634 

 3      

1. 
   SS400  120 x 240 cm  5 mm  
50 x 50 mm  1  Thermatech  TM1634 

  220 x 160 cm 
 160 x 340 cm  220V, Single Phase, 50 Hz 

 3 - 16 mm

 1   SS400

2. 
   1)  3   4.5 5  6 bar
2)  3   30 35  40 mm  3)  3   150 200 

 250 mm/s  
  

 
  Orthogonal Array (OA) 

  1

 1 

  
  1 2 3
  (A) 4.5 5.0 6.0
  (B) 30 35 40
  (C) 150 200 250
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3. 
   (Taguchi DOE) 

 
 2    (O   ine Quality 

Control)   
  (System Design)  

(Parameter Design)  (Tolerance Design) 
  (Online Quality Control) 

   
   OA 

   Signal-to-Noise (SN)  
 Noise  

 SN 

    
  3.1   SN  
    1)  Larger the Better   SN  

   (1)

 (1)

    2)  Smaller the Better   SN   
 

 (2)

 (2)

    3)  Target the Best   SN  
 (3)

 (3)

  3.2     (4)

 (4)

    [9]  5052 
 

 [10]  
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 OA   8  
 Standard Orthogonal Array  L8  2  

 L9  3   3  
 9   

  3    1 
 2

 2 

 2  SN  Smaller the Better

 A B C Trial1 Trial2 Trial3 Mean SN

 1 1 1 1 17.20 17.44 17.34 17.33 -24.77
 2 1 2 2 20.39 20.37 20.35 20.37 -26.18
 3 1 3 3 26.39 24.04 25.04 25.16 -28.02

4 2 1 2 17.62 16.48 16.52 16.87 -24.55
 5 2 2 3 21.49 19.84 20.84 20.72 -26.33
 6 2 3 1 27.57 24.21 25.21 25.66 -28.20
 7 3 1 3 18.05 17.02 17.52 17.53 -24.88
 8 3 2 1 21.06 20.46 20.66 20.73 -26.33
 9 3 3 2 25.33 24.47 24.85 24.88 -27.92

  ANOM (The Analysis of Mean)   SN
 Smaller-the-Better  2   5 bar  

30 mm  200 mm/s  SN 
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 3  SN  Smaller the Better

A B C Trial1 Trial2 Trial3 Mean SN

 1 1 1 1 6.80 6.82 6.79 6.80 -16.65
 2 1 2 2 7.81 8.20 8.00 8.00 -18.07

3 1 3 3 5.20 5.10 5.36 5.22 -14.36
 4 2 1 2 7.53 7.50 7.52 7.52 -17.52
 5 2 2 3 7.92 7.94 7.95 7.94 -17.99
 6 2 3 1 13.25 13.36 13.34 13.32 -22.49
 7 3 1 3 14.41 14.28 14.49 14.39 -23.16
 8 3 2 1 9.92 9.91 9.76 9.86 -19.88
 9 3 3 2 8.73 8.90 8.70 8.78 -18.87

  ANOM   SN  
Smaller-the-Better  3   4.5 bar  40 mm  
250 mm/s  SN 

 4  SN  Smaller the Better

 Level A B C
 1 -26.32 -24.73 -26.43
 2 -26.36 -26.28 -26.22
 3 -26.38 -28.05 -26.41

 0.05 3.31 0.22
 Rank 3 1 2

  SN   4   B
   

 5  SN  Smaller the Better

 Level A B C
 1 -16.36 -19.11 -19.67
 2 -19.33 -18.65 -18.15
 3 -20.64 -18.57 -18.50

 4.28 0.54 1.52
 Rank 1 2 3

  SN   5   A
   

  3  4  (Smaller-the-Better) 
 A2 B2 C1 

  A2  SN  A2 
 Mean 
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  B2  SN  B2 
 Mean 

  C1  SN  Mean  
 C1 

 3   SN 

 4   (Y) 

  5  6  (Smaller-the-Better) 
 A2 B3 C3 

  A2  SN  A2  
Mean 
  B3  SN  B2  B3  

 B3   B3
  C3  SN  C3 

 Mean 
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 5   SN 

 6   (Y) 

  6   
(Smaller-the-Better)  A2 B2 C1  (5) 

 (6)

 (5)

 (6)

   Yoptimal = 20.98 + 0 = 20.98 
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 6 

 Level A B C
 1 20.95 17.24 21.24
 2 21.09 20.61 20.71
 3 21.05 25.23 21.14

 0.11 -0.37 0.26

  7   
(Smaller-the-Better)  A2 B3 C3   (7) 

 (8)

 (7)

 (8)

   Yoptimal = 9.29+0.47=9.76

 7 

Level A B C

 1 6.68 9.57 9.99
 2 9.59 8.60 8.10
 3 11.01 9.10 9.18

 0.3 0.28 -0.11

 SS400   Thermatech
 TM1634  Orthogonal Array  

3      
 5 mm  50 x 50 mm  

  5 bar  30 mm  200 mm/s  
16.87 A   4.5 bar  40 mm

 250 mm/s  5.22 m
  ANOM  (Smaller-the-Better)  

 SN  5 bar  30 mm  200 mm/s  
 SN   4.5 bar  40 mm  

250 mm/s   
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  (Smaller-the-Better)   
SS400   Thermatech  TM1634  5 bar 

 35 mm  150 mm/s  20.98 A 
 9.76 m  5 bar  40 mm  

250 mm/s
  SS400   Thermatech

 TM1634   
 

 

  
    

  

References

[1] Sato, M. (2017).  A Study of Parameters that E  ect to Wear of Plasma Nozzle Made from 
 Cutting Low Carbon Steel IRSM-41. Master of Engineering Thesis, Department of Industrial 
 Systems and Environmental Engineering, Suranaree University of Technology (in Thai)
[2] Chatmuangpak, A., Wongwian, C., and Kangsantia, S. (2003). Experimental Design Using the 
 Taguchi Method for Determining the Optimal Parameters of the Cutting Process by Wire Cutting 
 Machine. Thai Industrial Engineering Network Journal. Vol. 9, No. 2, pp. 66-74 (in Thai)
[3] Bangphan, S., Bangphan, P., Nangmor, N., and Chantathi, P. (2016). Application of Taguchi 
 Method for Optimizing Shaft Work Piece Assembly Turning Process by the E  ects of Machining 
 Parameters. UBU Engineering Journal. Vol. 9, No. 1, pp. 1-10 (in Thai)
[4] Ruksorn, P. and Deepradit, S. (2019). The Prediction of Surface Roughness in the S45C Medium 
 Carbon Steel Turning Process by Using Response Surface Methodology. Thai Journal of 
 Operations Research. Vol. 7, No. 2, pp. 13-19 (in Thai)
[5] Charoenrat, S., Pookamnerd, Y., and Prasomthong, S. (2022). Optimization of Medium Carbon 
 Steel Welding Joint by Hot-Wire Gas Tungsten Arc Welding Using the Taguchi Method. Journal of 
 Industrial Technology Ubon Ratchathani Rajabhat University. Vol. 12, No. 2, pp. 43-55 (in Thai)
[6] Krishankant, Taneja, J., Bector, M., and Kumar, R. (2012). Application of Taguchi Method for 
 Optimizing Turning Process by the E  ects of Machining Parameters. International Journal of 
 Engineering and Advanced Technology (IJEAT). Vol. 2, Issue 1, pp. 263-274
[7] Timata, M. (2021). Optimization on P20-steel Taper Cutting with Wire Electrical Discharged 
 Machine. SAU Journal of Science & Technology. Vol. 7, No. 1, pp. 15-21 (in Thai)
[8] Hantang, S., Khanthirat, W., Lawong, A., Warorot, W., and Sudsuansee, T. (2023). Optimizing 
 the Surface Roughness of ST37 Steel using CNC Turning Machinery through the Taguchi 
 Technique. Journal of Engineering and Industrial Technology, Kalasin University. Vol. 1, 
 No. 5, pp. 27-39 (in Thai)



61ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 3 (September - December 2024)
e257116

[9] Namkaew, S. and Prasomthong, S. (2021). Application of Taguchi Method for Burnishing 
 Process of AA5052 Aluminum Alloy by Studying the Optimization of Production Machining 
 Parameters. The Journal of Industrial Technology. Vol. 17, No. 1, pp. 82-94 (in Thai)
[10] Eiamsa-ard, K., Chaipukdee, N., Boonlerdcharoensak, N., Liou, F., Raksiri, C., and Rodkwan, S. 
 (2007). Taguchi Method for Material Deposition Process using LASER. In Proceedings of the 
 21th Conference of the Mechanical Engineering Network of Thailand (ME-NETT 21). 
 Chonburi, 17-19 October 2007



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

RMUTI Journal  Vol. 17, No. 3 (September - December 2024)
e257017

E  ects of Substrate Media on Growth and Yield of 
Curl Leaf Kale

 *

Prapatsorn Sombatsri*

Received: June 4, 2024; Revised: August 23, 2024; Accepted: August 23, 2024

 
 Completely Randomized Design (CRD)  9   4   

1) :   1:2 2) : :   1:1:2 3) 
: :   1:1:2 4) : : :   1:1:1:2 

5) :   1:1 6) : :   1:1:1 
7) : :   1:1:1 8) : : :  

 1:1:1:1 9) : : : :  16-16-16  1:2:1:1:0.25 
  2    

   10.13  21.17  6.67  
14.00   8.83    33.84   
31.85    : :   1:1:2 

 : ; ; ; 
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Abstract

The objective of this research was to study the e  ects of growing media on the growth and yield 
of curly kale. The experiment was designed using a Completely Randomized Design (CRD) 
with 9 treatments and 4 replications as follows: 1) Sandy loam soil: cow manure at a ratio of 
1:2, 2) Sandy loam soil: coconut coir: cow manure at a ratio of 1:1:2, 3) Sandy loam soil: raw 
rice husk: cow manure at a ratio of 1:1:2, 4) Sandy loam soil: raw rice husk: coconut coir: 
cow manure at a ratio of 1:1:1:2, 5) Sandy loam soil: pig manure at a ratio of 1:1, 6) Sandy 
loam soil: coconut coir: pig manure at a ratio of 1:1:1, 7) Sandy loam soil: raw rice husk: pig 
manure at a ratio of 1:1:1, 8) Sandy loam soil: raw rice husk: coconut coir: pig manure at a 
ratio of 1:1:1:1, 9) Sandy loam soil: coconut coir: cow manure: raw rice husk: 16-16-16 
fertilizer at a ratio of 1:2:1:1:0.25. The results demonstrated that Treatment 2 yielded the 
highest growth of curly kale, as indicated by plant height, canopy width, number of leaves, 
and leaf width and length, measuring 10.13 cm, 21.17 cm, 6.67 leaves, 14.00 cm, and 8.83 cm, 
respectively. Additionally, it produced the highest fresh weight of the entire plant with roots at 
33.84 grams, along with a root weight of 31.85 grams. Therefore, the growing media comprising 
a mixture of sandy loam soil, coconut coir, and cow manure in a ratio of 1:1:2 was determined 
to be the most suitable for cultivating curly kale.

Keywords: Substrate Media; Curl Leaf Kale; Coconut Coir; Cow Manure

 (Kale)    
     

  2 
    

 (Queen of Greens)  Super Food 
    [1]  

  
  

 
   

    [2] 
  [3]  

   (Bulk Density)  
 1.5 - 1.6     

   pH 6.5 - 7.0    
      

 4   [2], [4]
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1.   Completely Randomized Design (CRD) 
 9    4   5   1) :   1:2  

2) : :   1:1:2  3) : :  
 1:1:2  4) : : :   1:1:1:2  

5) :   1:1  6) : :   1:1:1 
 7) : :   1:1:1  8) : :
:   1:1:1:1  9) : : : :

 16-16-16  1:2:1:1:0.25  
2.  

  1.   
 (Curly Kale)  1 

     2   -  
 3 - 5   15  

  2.    
1     

 15    
 40 X 40   2   - 
3. 

  1.   ( )  ( ) 
 ( )  ( )

  2.   ( )  ( ) 

4. 
   Analysis of Variance (ANOVA) 

 Least Signi  cant Di  erence
(LSD)  95 %

  

1.   7 - 28   
 6.58 - 10.13  (  1)  2 : :  

  10.13   3 4 5  9 
 (p<0.01)  7 8 6  1  9.75 

9.54 8.33  6.58   
    7 - 28  

 10.25 - 21.17  (  2)  2 : :  
  21.17   3 4 5 6 

 7  (p<0.01)  9 8  1  
12.00 10.75  10.25   
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    7 - 28   (p>0.05) 
 10.25 - 14.00  (  3) 

 1 

      ( )
   7  14  21  28 
 :    3.88b 4.21e 5.5e 6.58c

 : :   5.13b 7.09ab 8.54ab 10.13a

 : :   4.96b 5.42cd 7.08cd 8.75ab

 : : :   4.46b 5.29bc 7.04bc 8.75ab

 :    6.47ab 7.25a 7.75a  8.67abc

 : :   5.79b 6.31cd 8.25cd 8.83c

 : :   4.96b 5.67de 6.75de 9.75c

 : : :   4.17a 5.33c 6.76d 9.54c

 : : : :  3.92b 4.21bc 6.54bc 7.75ab

 F-test  ** ** ** **
 CV (%)  31.99 8.91 5.82 5.79

:  ns  95 % (p>0.05)
  **  99 % (p<0.01)
    
    LSD  95 %

 2 

      ( )
   7  14  21  28 

:    5.92ab 7.67ab 9.90b 10.25c

 : :   8.15ab 12.00ab 19.75a 21.17a

 : :   6.67ab 8.92ab 14.59ab 16.17abc

 : : :   8.25ab 10.17ab 12.50ab 13.84abc

 :    9.50ab 12.42ab 15.17ab 16.42abc

 : :   10.50a 14.34a 16.76ab 19.42ab

 : :   6.90ab 8.92ab 12.50ab 13.58abc

 : : :   5.00b 6.67b 9.58b 10.75c

 : : : :  6.09ab 8.25ab 10.75b 12.00bc

F-test  ** ** ** **
CV (%)  28.91 28.24 23.81 22.21

:  ns  95 % (p>0.05)
  **  99 % (p<0.01)
    
    LSD  95 %
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 3 

      ( )
   7  14  21  28 
 :    4.83 6.25 9.40 10.50
 : :   7.59 8.50 13.08 14.00
 : :   6.17 7.75 10.92 12.33
 : : :   6.25 6.92 8.00 10.25
 :    6.92 8.83 10.58 12.33
 : :   7.50 7.75 9.25 10.92
 : :   6.33 7.08 8.92 10.84
 : : :   5.92 6.17 11.34 11.75
 : : : :  6.50 8.00 12.08 13.67

F-test  ns ns ns ns
 CV (%)  26.81 28.14 27.44 26.29

: ns  95 % (p>0.05)

   7 - 21   (p>0.05) 
 28   (p<0.01) 

 2 : :    6.67  
 8 : : :   

3.50  (  4) 

 4 

      ( )
   7  14  21  28 
 :    2.17 2.54 2.96 3.75b

 : :   2.42 4.38 4.92 6.67a

 : :   2.50 3.36 4.63 5.17ab

 : : :   2.74 3.88 4.20 5.09ab

 :    3.00 4.50 4.09 5.09ab

 : :   3.08 5.17 4.88 5.75ab

 : :   2.17 3.08 3.75 4.75ab

 : : :   2.17 2.54 3.29 3.50b

 : : : :  2.00 2.63 2.88 3.75b

F-test  ns ns ns **
 CV (%)  19.01 32.39 26.21 21.40

:  ns  95 % (p>0.05)
  **  99 % (p<0.01)
    
    LSD  95 %
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   7 - 28  
 (p<0.01)  28   2 :
:    8.83   8 :

: :   4.29  (  5)

 5 

      ( )
   7  14  21  28 
 :    1.90 2.46b 3.96b 5.00bc

 : :   2.13 3.67ab 7.76a 8.83a

 : :   2.08 3.21ab 4.84ab 6.34abc

 : : :   2.59 3.96ab 5.29ab 6.25abc

 :    2.92 4.38ab 5.58ab 6.59abc

 : :   2.92 5.33a 7.00ab 8.00ab

 : :   1.92 3.17ab 4.71ab 5.92abc

 : : :   1.75 2.63b 4.34b 4.29c

 : : : :  1.92 2.88ab 3.71b 4.42c

F-test  ns ** ** **
 CV (%)  25.78 30.32 26.75 21.88

:  ns  95 % (p>0.05)
  **  99 % (p<0.01)
    
    LSD  95 %

    
(  1 2 4  5)   2 : :  

  
 (C:N ratio)  

  
  

 [2], [5]    
  

  
  [6] 

 [7]     
  [8] 

  :
:   1:1:1    

   
2.   (  28 )  

 (p<0.01) (  6)  2 :
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:    33.83   8 :
: :    6.19   

 2 : :    31.58  
 8 : : :  

 5.15   
  

    
 

 [9]  [10] 
   

 4.5 /   
  [7] 

 
     

  [11] 
  1:1   

     
  

  
  
  [6]  

 6  

     
   ( )  ( )
 :    10.39b 9.28b

 : :   33.84a 31.58a

 : :   18.64b 16.87b

 : : :   12.13b 10.63b

 :    10.40b 8.64b

 : :   13.71b 12.23b

 : :   8.12b 12.97b

 : : :   6.19b 5.15b

 : : : :  8.15b 6.33b

 F-test  ** **
 CV (%)  40.80 47.71

:  ns  95 % (p>0.05)
  **  99 % (p<0.01)
    
    LSD  95 %
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: :   1:1:2    
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 0 10 20 30  40  
 10  (Sodium Silicate/ Sodium Hydroxide, NS/NH) 

 1.0  (Liquid, Binder, L/B)  0.6  
     

 SiO2/Al2O3  3.79 - 4.49 
  Calcium 

Silicate Hydrate (C-S-H)  Calcium (Alumino) Silicate Hydrate (C-(A)-S-H) 
 20 (BP20)  32.0 53.6  

68.0  7 28  90   
 

 20  

 : ; ; ; ; 

1   
2  
3   
4     



71ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 3 (September - December 2024)
e257472

1 Faculty of Engineering, Khon Kaen University
2 Faculty of Engineering, North Eastern University
3 Faculty of Engineering and Architecture, Rajamangala University of Technology Tawan-ok, Uthenthawai Campus
4 Academy of Science, Royal Society of Thailand, Bangkok
* Corresponding Author, Tel. 08 1592 8191, E - mail: vancsa@kku.ac.th

Abstract

In this study, the properties of geopolymer paste from high calcium  y ash replaced by basalt 
 ber powder from insulation waste at the rates of 0, 10, 20, 30, and 40 wt% were evaluated. 

The activator with sodium silicate to sodium hydroxide (10 Molar) ratio (NS/NH) at 1.0 and 
the liquid to binder (L/B) ratio at 0.6 were used. The curing of the paste sample was conducted 
at room temperature. The setting time, compressive strength,  exural strength, and microstructure 
were tested. The results showed that all the geopolymer paste mixtures had SiO2/Al2O3 molar 
ratios between 3.79 and 4.49. The setting time of the paste was prolonged with increasing basalt 
 ber powder content. This is due to the reduction of calcium silicate hydrate (C-S-H) and 

calcium (alumino) silicate hydrate (C-(A)-S-H) in the mixture. The compressive strength of 20 % 
basalt  ber powder paste (BP20) gave the highest compressive strength with the compressive 
strength of 32.0, 53.6, and 68.0 MPa at the test ages of 7, 28, and 90 days, respectively. 
The  exural strength increased signi  cantly with the increase in the amount of basalt  ber 
powder. In addition, replacing  y ash with basalt  ber powder at a ratio not exceeding 20 % 
helps the gel of geopolymer paste to form more new crystals, resulting in a denser structure that 
increases the paste's strength.

Keywords: Basalt Fiber; Compressive Strength; Flexural Strength; Microstructure; Insulation

  Silicon-Oxygen (Si-O)  Aluminum-Oxygen (Al-O) 
 SiO2  Al2O3  

 
  SiO4  

Al2O4  [1] 

  

 (Sodium Aluminosilicate, N-A-S-H) 
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  SiO2, Al2O3  
Fe2O3  CaO  

 60  100  
 (C-S-H) 

  [2] 

 
   

  (Basalt Fiber)  
 SiO2, Al2O3  CaO  

(Asbestos)     
    

 
 [3] 

 
 

 

 1. 

 2. 

 3. 

1. 
    (Fly Ash, FA)   

  (Basalt Fiber Powder, BP) 
 

  1( ) 
 1( )  

 1  2
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 ( )  ( ) 
 1 

   
 (NaOH)  98  99 

 10  
24   (Na2SiO3) 

 (Na2O)  28.66  (SiO2)  11.67  
59.67  

 1 

   Particle Size Distribution   Physical Properties
 Material 

D10 ( m) D50 ( m) D90 ( m) Speci  c Gravity
 Surface Area Retained on Sieve

      (cm2/g) 325# (%)

 FA 2.34 16.40 83.20 2.63 4,145 24.06

 BP 4.56 18.83 122.67 2.72 4,340 39.83

 2 

    2 
  (SiO2)  (Al2O3)  (CaO)  

 ASTM C618 [4]  C 
  SiO2, Al2O3  Fe2O3  57.40 

 CaO  18  
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  [3]  3 
 

   
X-Ray di  raction (XRD)   Anhydrite (Calcium 
Sulphate, CaSO4), Quartz (Silicon Dioxide, SiO2), Portlandite (Calcium Hydroxide, Ca(OH)2)  
Lime (Calcite, CaCO3)  4 

 Quartz  (Amorphous)  XRD 
 79.97  XRD 

 14  40o 2Theta 
 [5]

 2  ( )

 Oxides SiO2 Al2O3 Fe2O3 CaO SO3 MgO Na2O K2O TiO2 LOI
 FA 29.30 14.70 13.40 28.20 6.09 2.69 2.33 2.02 0.37 1.55
 BP 38.30 12.30 5.47 24.90 0.22 11.30 2.75 1.68 2.02 3.01

 ( )   ( ) 
 3  500 

 4  XRD  (FA)  (BP)
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2. 
   5   3 

 0 10 20 30  40  
 [5]   

  BP00  
  BP20  

 20   
 

 Na2SiO3  NaOH  0.60  1.0  
 

 2   NaOH  5   
 Na2SiO3  3  

 2   5 x 5 x 5  
 24 

 3 

No Specimens FA (g) BP (g) Na2SiO3 (g) NaOH (10M.) (g) SiO2/Al2O3 (Mol.)
 1 BP00 100 0 30 30 3.79
 2 BP10 90 10 30 30 3.95
 3 BP20 80 20 30 30 4.13
 4 BP30 70 30 30 30 4.31
 5 BP40 60 40 30 30 4.49

3 
  3.1   (Vicat Consistency Apparatus) 

 ASTM C191 [6] 
  3.2     7 28  
90   ASTM C109 [7]  
4 × 4 × 16   28   ASTM C348 [8]  
3 
  3.3   

 28  
 24   

45   24  
 (XRD)  (FTIR) 

 (SEM/EDS) 
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1. 
   5 

  (BP00)  
36.8  90  

  10 20 30  40 
 16 63 50  44  

 17 67 50  33  

  Chindaprasirt, P.  [9] 
 (Ca2+) 

 

 (C-S-H)  C-(A)-S-H) 
   20 

  BP30 
 BP40  

 SiO2/Al2O3  3 
 [9]

 5 

2. 
   6 

  6( )  7 28  90   BP00 ( ) 
 26.3 44.2  55.2   
 10 20 30  40  
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 20   7 28  90  32.0 53.6  
68.0    [9]  

 SiO2/Al2O3  
 SiO2/Al2O3  

 SiO2/Al2O3  
 SiO2/Al2O3  3.79  4.49 

 
 6( )  28  BP00 ( ) 

 1.75   10 20 
30  40   2.2 4.8 7.7  8.1 

 
 3( ) 

 [10] 

 ( )   ( )  28 
 6 

3. 
  3.1   

  7  XRD  (BP00) 
 20o  28o 2Theta 

 (N-A-S-H)  (Quartz)  (Magnesioferrite) 
 (Magnetite)  (Portlandite)  (Calcite)  (Larnite)  

(Pirssonite)  (C-S-H)  29.5o  
32.05o 2Theta [9]  

 10  20   
26.6o 2Theta  29.5o 2Theta  (BP00) 

 XRD  4  
 (C-S-H) 

 [11]   
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 BP10  BP20  

  30  40  
   

 7  XRD  28 

  3.2   FTIR  FTIR 
 8 

 X-OH (  X  Si  H) 
 3,600  2,200 cm-1  O-H  

1,700  1,600 cm-1 [12]  (Na2CO3)  
NaOH  (CO2)  O-C-O

 1,400 cm-1 [13]  Si-O-Si  Al-O-Si 
 BP00 BP10 BP20 BP30  BP40 

 956 956 955 952  958 cm-1  
 [14]  20 

 BP20  
 C-O  

880 cm-1 [15]  XRD 
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 8  FTIR  28 

  3.3   
 28   9 

  
 [16] 

 
  (BP00) 

  10 20 
30  40   
(BP00)  

  9( )  BP00 

  9( ) - ( ) 
 

  
 

30  40   6( ) 
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   Energy Dispersive X-ray Spectroscopy (EDS) 
 28   4  

 Carbon (C), Oxygen (O), Sodium (Na), Magnesium (Mg), 
Aluminum (Al), Silicon (Si) Calcium (Ca)  Iron (Fe)  C-S-H

 C-(A)-S-H  (N-A-S-H) [17]  Si/Al 
  Si/Al 

  [11] 
 28  

 
 
 

 4  28   EDS

 Atomic%    Mixture
 Element Ratio BP00 BP10 BP20 BP30 BP40
 Na  12.45 10.64 8.81 9.88 10.04
 Mg  0.75 0.65 0.91 0.92 1.36
 Al  2.69 2.40 2.51 2.60 2.67
 Si  6.27 6.01 6.95 8.25 9.28
 Ca  5.31 4.72 5.38 5.75 6.19
 Fe  1.45 1.15 1.51 1.79 2.39
  Na/Al 4.63 4.43 3.51 3.80 3.76
  Si/Al 2.33 2.50 2.77 3.17 3.48
  Ca/Si 0.85 0.79 0.77 0.70 0.67
  Fe/Mg 1.93 1.77 1.66 1.95 1.76

 

 

 
 1. 

 

 
 2. 

 
 20   7 28  90  
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 32.0 53.6  68.0   
 

 

 3. 
 28  

 20  
 

  C-S-H  
C-(A)-S-H  N-A-S-H 

 
 20  

 
 4. 
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Abstract

This study aims to analyze the impact of the 8+8+8 time allocation model (8 hours each for 
work, sleep, and life) on work e   ciency and quality of life through a cross-country comparative 
study. The research employs both quantitative and qualitative methods, including mathematical 
modelingand it is proven through mathematical processes. The  ndings indicate that the 8+8+8 
time allocation model positively correlates with work e   ciency and quality of life in many 
countries. However, cultural and economic di  erences a  ect the model's implementation. 
This study presents recommendations for adapting the model to suit each country's context, 
aiming to enhance work e   ciency and improve the population's quality of life.

Keywords: 8+8+8 Time Allocation Model; Work E   ciency; Quality of Life; Cross-Country Comparative 
   Study

    
Robert Owen  19 

 Owen, R. [1] (  1)  "8-8-8" 
 8  8   8 

  A New View of Society  . . 1812 
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 1 Robert Owen Started Writing A New View of Society in 1812 [2]

  2  "8+8+8"  24  
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     Pomodoro,  52/17, 
 4 ,  (Flextime),  (Remote Work) 
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 1.  [4]
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   -  (Work-Life Balance) 
 2.  [5]
   -  35 
   - 
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   - 
 4.  [7]
   -  
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   - 
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 7.  [10]
   -   
   -  
 8.     [11]
   -  
  8+8+8  

 8    
  

  
     

   [12] - [20]
 1.  Pomodoro [12] - [13]
  -  25 ,  5 
  -  4   15 - 30 
  -   Pomodoro  

    
 2.  52/17 [14] - [15]
  -   52 ,  17 
  -   52/17  

 3.   4  [16]
  -   4 / ,  3 
  -   4  

  -  
 4.   (Flextime) [17]
  -  
  -  
  -   

 5.   (Remote Work) [18] - [19]
  -  , 
  -   COVID-19  

  
 6.   "8+8+8"  24  [1], [20]
  -    
  -   "8+8+8"  19 

     
  "8+8+8"   [21] - [28]

  8+8+8 (8  
 )   



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

RMUTI Journal  Vol. 17, No. 3 (September - December 2024)
e257716

 
   8+8+8 

  
 

 

 (Law of Total Probability) 
    

 1.1 [29]  B1, B2, …, Bn  S  A   
 S  A 

 
  P(A)      A
  P(A  Bi)     A  Bi

  P(A | Bi)     A  Bi 
  P(Bi )      Bi 

 8+8+8  
8+8+8 

 2.1 ( )  5  
  i  
    T =   (24 )
    W = 
    S  =  
    L  = 
  ii  T = W + S + L  24 = 8 + 8 + 8
  iii  W = S = L = 8
  iv  (L)  L = F + Fr + H + Ho + Ha + P
   
    F  = 
    Fr = 
    H = 
    Ho = 
     Ha  = 
    P  = 
  v   24 = 8 + 8 + (F + Fr + H + Ho + Ha + P)
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  10  

 1.  T = {t | 0  t  24},  t  
 2.  T  3  W (Work), S (Sleep), L (Life)  W  S  L = T
 3.  W  S = W  L = S  L =  ( ) 
 4.  |W|= |S|= |L|= 8  (Bijection) 

 {1, 2, …  , 8}
 5.  |T| = 24 = 8 + 8 + 8 = |W| + |S| + |L| 
 6.  L  L = F  Fr  H  Ho  Ha  P    F, Fr, H, 
Ho, Ha, P  ( )
 7. :  (Equality) 

|W|= |S|= |L|= (1/3) |T|
 8.  L
 9.  f(t) 

 (   )
 10.  (Optimization)  f(t) 

 1.  T = {t | 0  t  24},  t 
 2.  T  3  W (Work), S (Sleep), L (Life)  W  S  L = T
 3.  W  S = W  L = S  L =  ( ) 

  W, S  L  T   
 (Proof by Contradiction) 

  1:  W  S =   W  S  
  x  W  S  x  W  x  S  

 x  W  S 
    W  S = 

  2:  W  L =   W  L  
  y  W  L  y  W  y  L  

 y   W  L 
   W  L  

  3:   S  L =  S  L  
  z  S  L  z  S  z  L  

 z   S  L 
   S  L = 

   W  S = W  L = S  L = 
  

 *  W, S  L 
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 4.  |W|= |S|= |L|= 8  
(Bijection)  {1, 2, …  , 8}
  A = {1, 2, …  , 8}  A  W, S  L

 W ( )
   
   f(1) =  1
   f(2) =   2
   
   f(8) =  8
  f 

f  Injective (one-to-one):  x  y  f(x)  f(y) 
f  Surjective (onto):  w  W  a  A  f(a) = w

  f  Bijective  f  Bijection  A  W  |W| = |A| = 8

  S ( )   
   g(1) =   1
   g(2) =   2
   
   g(8) =   8
  g  f  |S| = |A| = 8

  L ( )   
   h(1)  =   1
   h(2) =   2
   
   h(8) =   8
  h  f  g  |L| = |A| = 8
  |W| = |S| = |L| = |A| = 8 

 A = {1, 2, …  , 8}
 *  (   )  8  

 

 5.  |T| =24= 8 + 8 + 8= |W| + |S| + |L| 
 |W| = |S| = |L| = 8   A, B  C  

(Disjoint Sets)  |A  B  C| = |A| + |B| + |C|  T = W  S  L 
 W, S  L  24 = |T| = |W  S  L| = |W| + |S| + |L| = 8 + 8 + 8

 T  (24 )

 6.   L  L = F  Fr  H  Ho  Ha  P    
F, Fr, H, Ho, Ha, P  ( )  
L   F, Fr, H, Ho, Ha, P    
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   L  (F  Fr  H  Ho  Ha  P)
 (F  Fr  H  Ho  Ha  P)  L

( )  x  L  x   x  (F  Fr  H  Ho  Ha  P)
( )  y  (F  Fr  H  Ho  Ha  P)  y  

 L  y  L
 L = F  Fr  H  Ho  Ha  P

 I = {F, Fr, H, Ho, Ha, P} 

 
  1. |L|        L
  2.      I
  3.     I 
  4.     
          
  5.        X

 L   
1  -1 

   
 |L|  |F| + |Fr|+ |H| + |Ho| + |Ha| + |P| 

 

 7.  |W| = |S| = |L| = 1/3 |T|  
T = W  S  L  W, S, L  |T| = |W| + |S| + |L| 

 5.  |W| = |S| = |L| = 8  |T|= 8 + 8 + 8 = 24  |W| = |S| = |L| 
= 8 = 24/3 = |T|/3 = 1/3 |T|

 8.  L  
L = {F, Fr, H, Ho, Ha, P}  P(X)  X 

  1.1
 P(L)  = P(F  Fr  H  Ho  Ha  P)
   =  P(X) -  P(X  Y) +  P(X  Y  Z) - ...+ (-1)(n-1) P(F  Fr  H  Ho  Ha  P)
  X, Y, Z  L  n = |L| = 6  X  L: P(X) = |X| / |L|

 P(X  Y) = |X  Y| / |L|

 9.  f(t) = a1t1 + a2t2 + a3t3 + a4t4 + a5t5 + a6t6

  t1, t2, t3, t4, t5, t6  F, Fr, H, Ho, Ha, P 
   a1, a2, a3, a4, a5, a6
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  9.1)  (  8 )
  9.2) ti  0  i ( )

 10.   (Optimization)  f(t)

  10.1)  Lagrange Multipliers
     L(t1, t2, t3, t4, t5, t6, ) = f(t) - (t1 + t2 + t3 + t4 + t5 + t6 - 8)
  10.2)  0
     L/ ti = ai -  = 0  i
     L/  = t1 + t2 + t3 + t4 + t5 + t6 - 8 = 0
  10.3)  ai -  = 0  ai =   i
  10.4)     (Marginal Bene  t) 

  10.5)  ti 
 *     

  Linear Programming

   
 1. 
  -  6   
(Work-Life Balance) 
 2. 
  -  35  

 3. 
  -  

 4. 
  -   

  "Premium Friday" 
 5. 
   -  4  
 6. 
   -   
 7.  
   -    
 8.    
   -  
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15 - 30  

-  

-  

- 

 

- 

 

- 

 

, 

,  
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,  
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    2

 2  

     
   6   
    
   35  
    
  , Flextime 
    
  Premium Friday,  4  
   4   
  , Flextime 
  Flextime,  
 ,
 , 8+8+8, Remote Work 
  

  "8+8+8"  24  
  

      
 1. :  "8+8+8"  

 2. :  

 3. :  "8+8+8"     
(Remote Work)  (Flextime) 
 4. :  

  8+8+8 
 

 8+8+8  
     

  24     
    

    
 10   
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 4 ,  (Flextime),  (Remote Work) 

  "8+8+8" 
  , , 

 -  Pomodoro  52/17  

 -   4   (Flextime) 
  "8+8+8" 

 -   (Remote Work)  
 "8+8+8" 

  "8+8+8" 
  

   

  "8+8+8"  
, ,   

  
  "8+8+8"   

   

 1. 
  1.1  
    - : 

 "8+8+8"   
    - : 

    4   
  1.2  
    - : 

  
    -  :   

  1.3  
    - : 

 8+8+8 
    - : 

 8+8+8 
 2.   
  2.1  
    -  : 

  "8+8+8"
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    -  : 
  

  2.2  
    - :  "8+8+8" 

  
    - : 

  
  2.3  
    - :  "8+8+8" 

    

    -  : 
  

    -  :  "8+8+8" 

     "8+8+8"   
 

  

 [28] - [30]
 -   40  
 -   (OT) 
 -   Remote Work -19

 -  : 
 

 -  :  

 -  : 

 1.     4 
 6 

 2.  Flextime  Remote Work 

 3. 
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Abstract

Date fruit (Phoenix dactylifera L.), known for its sweetness and nutrition, has been used to develop 
a low-alcohol wine suitable for health-conscious individuals who enjoy socializing. Current study 
aimed to select an appropriate yeast strain and to determine optimal conditions such as initial total 
soluble solids and pH for producing a healthy and appealing date fruit wine. Among seven strains of 
Saccharomyces cerevisiae examined (71B, BM4x4, ICV-D47, EC-1118, K1-V1116, QA23, RC212), 
strain K1-V1116 was found to produce a wine with lower pH and alcohol content, higher acidity, 
total phenolic content, and ferric reducing ability power. Date fruit wine made with strain K1-V1116 
also received the highest scores for  avor and overall liking. Further experiments were conducted 
using date fruit juice with three levels of di  erent initial total soluble solids (5 %, 10 %, and 15 %). 
The results indicated that 15 % initial total soluble solids produced wine with superior characteristics in 
terms of total soluble solids, pH, acidity, alcohol content, reducing sugar content, total phenolic content, 
ABTS radical cation decolorization, ferric reducing ability power compared to lower concentrations. 
Date fruit wine produced with 15 % initial total soluble solids also received the highest scores for 
color and overall liking. Additionally, the date fruit juice with 15 % initial total soluble solids was 
used to produce wine at three levels of pH value (4.0, 4.5, 5.0) and wines produced at pH 4.5 were 
rated the highest for  avor and overall liking. In conclusion, using S. cerevisiae K1-V1116 to ferment 
date fruit juice with 15 % initial total solids at pH 4.5 can yield a well-liked, low-alcohol wine.
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Introduction

The date fruit (Phoenix dactylifera L.) originates from Central Asia and thrives in hot and arid climates. 
The date fruit comprises sugars, predominantly glucose and fructose, as well as proteins, fats, vitamins, 
and minerals. Dietary  bers and beta-carotene additionally contribute to the nutritional value of date 
fruits [1]. However, the lower value of individual fruits, ranging from 100 to 300 Baht per kg, often leads 
to the transformation into processed foods. Wine can be a rational choice for processing to increase its 
economic value due to a high sugar content of date fruit, which is conducive to the growth and alcoholic 
fermentation of wine yeast. In addition, bioactive compounds from date fruit could be integrated into 
wine products, re  ecting the growing trend of functional beverages.
 Previous study investigating bioethanol production from date palm fruit wastes indicated that 
the most favorable fermentation conditions involved the hydrolyzed date fruit with initial levels of 
reducing sugar ranging from 94 to 124 g/L. This process, utilizing 30 % inoculum of Pichia kudriavzevii, 
demonstrated optimal results at a temperature of 30 oC and pH levels between 5 and 6, resulting in 
ethanol yields of 4 - 6 % after a 96-hour period [2]. Another research outlined the conditions for 
converting date syrup into ethanol. They utilized  occulent Saccharomyces uvarum, fermenting 55 g/L 
sugar at a temperature of 29 oC [3]. Additionally, Saccharomyces cerevisiae was employed as 25 % 
inoculum to generate bioethanol from a solution derived from date palm waste. This solution contained 
38 % glucose, fructose, and sucrose, and fermentation was carried out at pH 4 and 30 oC for 72 hours, 
resulting in a 15 % ethanol yield [4]. In another experiment, submerged ethanol fermentation was 
conducted using 4 % inoculum of S. cerevisiae with date waste syrup containing 180 g/L sugar. 
The syrup consisted of 13 % glucose, 10 % fructose, 32 % sucrose, and 1 g/L ammonium phosphate. 
After a 72-hour production period at 30 oC, this process yielded 136 g/L ethanol [5].
 Low-alcohol wine is more appealing for health-conscious individuals who maintain an active 
social lifestyle. The composition of dates includes a notable concentration of phenolic compounds, 
known for their antimicrobial, antioxidant, anticancer, and antidiabetic properties [6] - [10]. However, 
there have been few studies on wine making from date fruit. Hence, the objective of this research was 
to select the suitable yeast strain, along with determining the optimal level of initial total soluble solids 
and pH value in date fruit juice to attain desirable wine characteristics. All the parameters studied had 
a signi  cant impact on the organoleptic quality of wine. For instance, di  erent commercial yeast strains 
produce varying levels of glycerol, acetaldehyde, sulfur dioxide, and volatile acids [11]. Additionally, 
the initial total soluble solids in  uence the alcohol content while the acidic pH enhances yeast growth 
and metabolism. Furthermore, the alcohol produced during fermentation may potentially facilitate 
the extraction of bioactive substances from date fruits, thereby enhancing the nutritional value of 
the wine product.

Materials and Methods

Raw Materials, Chemical Reagents, and Microorganisms
 Dried date fruit cultivar Saidi was received from Thanarak Interfoods (Thailand). Citric acid, 
diammonium phosphate, potassium metabisul  te, sodium hydroxide, 3,5-dinitrosalicyclic acid (DNS), 
potassium sodium tartrate, glucose, Folin-Ciocalteu solution, sodium bicarbonate, gallic acid, 
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2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium persulfate, 95 % ethanol, 
6-hydroxy-2,5,7,8-tetramethychroman-2-carboxylic acid (trolox), sodium acetate, acetic acid, 
hydrochloric acid, 2,4,6-tripyridyl-s-triazine (TPTZ), ferric chloride, ferrous sulfate, were received 
from Kemaus (Australia). Seven strains of Saccharomyces cerevisiae, including 71B, BM4x4, 
ICV-D47, EC-1118, K1-V1116, QA23, and RC212, were obtained from Lallemand Inc. (Canada).

Selection of Suitable Yeast Strain
 Date fruit must was prepared by blending 750 g of dried date fruit in 1 L of RO drinking water 
to constitute 15 % total soluble solids (TSS). The must was boiled for 5 min before  ltered through 
muslin cloth. Then, pH value was adjusted to 4.5 using citric acid. Citric acid content was determined 
by titration. Next, 0.2 g of diammonium phosphate and potassium metabisul  te were added. After 
24 h of incubation at 25 oC, 0.2 g of lyophilized yeast was incorporated to date fruit must and fermentation 
was controlled at 25 oC. Samples were removed twice a week for analysis of total soluble solids, 
pH value, and citric acid content. When total soluble solids were stable, date fruit wine was separated 
from sediments by centrifugation at 3000 xg for 5 min and 0.2 g of potassium metabisul  te was added. 
After that, clari  ed wine was aged at 4 oC for a week. Then, alcohol content, reducing sugar content, 
total phenolic content, ABTS radical cation scavenging activity, and ferric reducing ability power 
were determined. Suitable yeast strain would produce date fruit wine with moderate levels of acid, 
alcohol, and reducing sugar, while also exhibiting high antioxidant activities and sensory scores.

Determination of Appropriate Initial Total Soluble Solids
 Brie  y, date fruit must was prepared by blending 250, 500, or 750 g of dried date fruit in 1 L 
of RO water to constitute 5 %, 10 %, or 15 % total soluble solids and the suitable yeast strain was 
incorporated to date fruit must. Appropriate initial total soluble solids would result in date fruit wine 
with moderate levels of acid, alcohol, and reducing sugar, while also showing high antioxidant activities 
and sensory scores.

Selection of Optimal pH Value
 Brie  y, date fruit must was prepared by blending appropriate amount of dried date fruit in 1 L 
of RO water. Then, pH value was adjusted to 4.0, 4.5, or 5.0 using citric acid and the suitable yeast 
strain was incorporated to date fruit must. Optimal pH value would produce date fruit wine with 
moderate levels of acid, alcohol, and reducing sugar, while also exhibiting high antioxidant activities 
and sensory scores.

Analysis of Physical Quality
 Total Soluble Solids
 Total soluble solids of date fruit wine were determined by hand refractometer (N-1E, Atago, 
Japan) and reported as percentage.

pH value
 pH value of date fruit wine was determined by pH meter (FEP20, Mettler-Toledo, Switzerland).

Citric Acid Content
 5 mL of date fruit wine was diluted in 95 mL of distilled water before titrated with 0.1 M NaOH 
until an end point at pH 8.2. After that, citric acid content was calculated by multiplying 0.12 with 
a volume of 0.1 M NaOH used and reported as percentage [12].

Alcohol Content
 Alcohol content of date fruit wine was determined by Ebulliometer (Dujardin-Salleron, France) 
and reported as percentage.
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Analysis of Chemical Quality
 Reducing Sugar Content
 0.5 mL of diluted sample was mixed with 0.5 mL of 0.1 % DNS and boiled for 10 min before 
dipped into ice water. Then, 5 mL of distilled water was added before OD measurement at 520 nm using 
distilled water as a blank [13]. Reducing sugar content was determined from a standard curve of 
glucose and reported as g/L.

Total Phenolic Content
 0.25 mL of date fruit wine was mixed with 4.75 mL of 5 % Folin-Ciocalteu solution and left 
for 5 min. Then, 0.25 mL of 10 % sodium bicarbonate was added and left for 10 min. After that, OD was 
measured at 730 nm using distilled water as a blank [14]. Total phenolic content was determined from 
a standard curve of gallic acid and reported as gallic acid equivalent (GE; mM).

ABTS Radical Cation Scavenging Activity
 ABTS radical cation scavenging activity was used to evaluate the hydrogen donating potential 
of date fruit wine. Brie  y, ABTS radical cation was prepared by mixing 7 mM ABTS with 4.9 mM 
potassium persulfate at a ratio of 1:1 before stored in the dark for 16 h. Next, ABTS radical cation 
was diluted with 95 % ethanol at a ratio of 1:55 and OD was measured at 734 nm (OD1) using 95 % 
ethanol as a blank. Then, 0.02 mL of diluted sample was mixed with 2 mL of diluted ABTS radical 
cation and left at room temperature for 1 min before OD measurement at 734 nm (OD2). After that, 
% inhibition was calculated by (OD1 - OD2) / OD1 × 100 [15]. ABTS radical cation scavenging 
activity was determined from a standard curve of trolox and reported as trolox equivalent (TE; mM).

Ferric Reducing Antioxidant Power
 Ferric reducing antioxidant power was used to evaluate the electron donating potential of date 
fruit wine. Brie  y, FRAP solution was prepared by mixing 300 mM acetate bu  er pH 3.6 with 10 mM 
TPTZ and 20 mM ferric chloride at a ratio of 10:1:1. Then, 0.1 mL of diluted sample was mixed with 
3 mL of FRAP solution and 0.3 mL of distilled water before left at room temperature for 4 min. 
After that, OD was measured at 593 nm using FRAP solution as a blank [16]. Ferric reducing 
antioxidant power was determined from a standard curve of ferrous sulfate and reported as ferrous 
sulfate equivalent (FE; mM).

Analysis of Sensory Quality
 Sensory properties, which were color, odor,  avor, and overall liking, of date fruit wine were 
evaluated by 50 untrained panelists, aged 20 - 50 years, using nine-point hedonic scale.

Statistical Analysis
 All experiments were conducted using a randomized complete block design (RCBD) with three 
replications, and the results were presented as means ± standard error (SE). Alcohol content, 
reducing sugar content, total phenolic content, ABTS radical cation scavenging activity and ferric 
reducing antioxidant power were tested for statistical di  erence at 95 % con  dence by Analysis of 
Variance in General Linear Model (GLM) followed by Duncan multiple range test (SPSS Statistics 17.0).

Results

Suitable Yeast Strain for Production of Date Fruit Wine
 During the fermentation of date fruit juice, seven yeast strains were observed to reduce the total 
soluble solids (Figure 1(a)). Speci  cally, strains 71B and BM4x4 took nine days to stabilize the total 
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soluble solids, while strains ICV-D47 and QA23 required 10 days. The fermentation process for strains 
EC-1118, K1-V1116, and RC212 was completed after 11 days.
 Similarly, pH values decreased during the  rst seven days of fermentation (Figure 1(b)), 
corresponding to the rise in acid content (Figure 1(c)). Afterward, pH values remained stable while 
acid contents declined and then rebounded after eight days. Ultimately, date fruit wine fermented 
by seven strains exhibited pH values between 3.8 and 4.0 and acid contents between 0.2 % and 0.4 %. 
Furthermore, strain 71B produced a statistically higher alcohol content compared to the other six strains, 
resulting in date fruit wine with approximately 7 % alcohol content (Figure 1(d)).

(a) Total soluble solids (b) pH value

 (c) Citric acid content  (d) Alcohol content
Figure 1 Physical properties of date fruit wine produced by di  erent yeast strains.

 Strains BM4x4 and QA23 exhibited higher reducing sugar content compared to the other  ve 
strains, resulting in the development of date fruit wine with approximately 2.5 g/L reducing sugar 
content (Figure 2(a)). Additionally, strain BM4x4 produced date fruit wine with the highest total 
phenolic content, whereas the other six strains displayed a total phenolic content of 2.7 mM GE 
(Figure 2(b)).
 However, no statistical di  erence was found in the date fruit wine in terms of ABTS radical 
cation scavenging activity, which was approximately 1.7 mM TE (Figure 2(c)). In contrast, strains QA23 
and 71B exhibited the highest and lowest ferric reducing antioxidant power, respectively (Figure 2(d)). 
The other  ve strains produced date fruit wine with a ferric reducing antioxidant power of 3.0 mM FE.
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(a) Reducing sugar content (b) Total phenolic content

 (c) ABTS radical cation scavenging activity (d) Ferric reducing antioxidant power
Figure 2 Chemical properties of date fruit wine produced by di  erent yeast strains.

 All seven yeast strains produced date fruit wine with non-signi  cant variation in color, odor, 
and overall liking scores, all averaging approximately 3.3 out of 5.0 (Table 1). However, strain EC-1118 
resulted in the lowest  avor liking score.

Table 1  Sensory properties of date fruit wine produced by di  erent yeast strains.

 Yeast strain Color* Odor* Flavor** Overall*
 71B 3.22±0.98 3.30±1.11 3.25±0.93a 3.22±0.87
 BM 3.38±1.01 3.50±1.10 3.33±0.90a 3.37±0.84
 D47 3.23±0.93 3.28±0.99 3.30±1.03a 3.27±1.02
 EC 3.22±0.99 3.28±0.94 2.88±0.98b 3.27±0.90
 K1 3.22±1.15 3.37±1.07 3.42±0.98a 3.53±1.08
 QA 3.17±1.01 3.35±1.04 3.23±0.83a 3.37±0.90
 RC 3.20±1.10 3.15±1.02 3.15±0.99ab 3.38±0.98

 * There was no statistical di  erence.
 ** Di  erent letters indicated statistical di  erences within the same column.

 Strain K1-V1116 produced date fruit wine with a low pH value of 3.8 and a relatively modest 
alcohol content of 7 %. Additionally, it exhibited relatively high levels of acid, reducing sugar, total 
phenolic, and ferric reducing ability power, at 0.3 %, 2.6 g/L, 2.8 mM GE, and 3.1 mM FE, respectively. 
Therefore, this strain was selected for further studies in the fermentation of date fruit wine.
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Appropriate Initial Total Soluble Solids for Production of Date Fruit Wine
 Similar to the  rst study, the total soluble solids of the date fruit wine continuously decreased. 
Date fruit must with initial total soluble solids of 15 % required longer fermentation time (Figure 3(a)). 
The  nal products prepared from 5 %, 10 %, and 15 % initial total soluble solids demonstrated total 
soluble solids of 2.0 %, 3.8 %, and 5.4 %, respectively. During the fermentation of date fruit must, 
there was a gradual decrease in pH values, corresponding to the initial total soluble solids (Figure 3(b)). 
Meanwhile, the acid contents remained relatively stable throughout the study period (Figure 3(c)). 
For date fruit wine made from initial total soluble solids of 5 %, 10 %, and 15 %, the pH values measured 
were 3.6, 3.8, and 3.9, respectively. In parallel, the acid contents were recorded as 0.2 %, 0.3 %, and 
0.4 %, respectively.
 Conversely, alcohol contents showed a signi  cant increase corresponding to the initial total 
soluble solids (Figure 3(d)). Date fruit wine produced from initial total soluble solids of 5 %, 10 %, and 
15 % exhibited alcohol contents of 2.2 %, 4.5 %, and 7.0 %, respectively.

(a) Total soluble solids (b) pH value

 (c) Citric acid content  (d) Alcohol content
Figure 3 Physical properties of date fruit wine produced from di  erent initial total soluble solids.

 The levels of reducing sugar, total phenolic, ABTS radical cation scavenging activity, and ferric 
reducing ability power in date fruit wine exhibited a signi  cant increase corresponding to the initial 
total soluble solids. Final products derived from initial total soluble solids of 5 %, 10 %, and 15 % 
contained reducing sugar levels of 1.0, 1.9, and 2.9 g/L, respectively (Figure 4(a)), along with total 
phenolic contents of 0.9, 1.7, and 2.4 mM GE, respectively (Figure 4(b)).
 In terms of antioxidant properties, date fruit wine crafted from initial total soluble solids of 5 %, 
10 %, and 15 % demonstrated ABTS radical cation scavenging activities of 0.3, 0.5, and 0.8 mM TE, 
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respectively (Figure 4(c)). Additionally, the ferric reducing ability power was measured at 1.1, 2.1, 
and 3.1 mM FE, respectively, for the corresponding wine samples (Figure 4(d)).

 (a) Reducing sugar content (b) Total phenolic content

 (c) ABTS radical cation scavenging activity (d) Ferric reducing antioxidant power
Figure 4 Chemical properties of date fruit wine produced from di  erent initial total soluble solids.

 Date fruit wine produced from initial total soluble solids of 5 %, 10 %, and 15 % exhibited 
a notable variance in color liking scores, aligning with the corresponding initial total soluble solids 
(Table 2). However, there was no statistical di  erence observed in terms of odor,  avor, and overall 
liking scores, which ranged between 2.7 and 3.2 out of 5.0 (Table 2).

Table 2  Sensory properties of date fruit wine produced from di  erent initial total soluble solids.

 Initial TSS Color* Odor* Flavor* Overall*
 5 % 2.55±1.14 2.73±1.13 2.95±0.93 3.17±0.99
 10 % 3.27±0.76 2.83±0.99 3.00±0.88 2.95±0.95
 15 % 3.75±0.95 2.98±1.21 3.08±1.28 3.12±1.37

 * There was no statistical di  erence.

 Given that the date fruit must prepared from 15 % initial total soluble solids depicted the highest 
levels across various parameters including total soluble solids, pH value, acid content, reducing sugar, 
total phenolic compounds, ABTS radical cation scavenging activity, ferric reducing ability power, 
and color liking score, the subsequent study will focus on this concentration of 15 % initial total 
soluble solids.
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Optimal pH value for Production of Date Fruit Wine
 Consistent with previous studies, the total soluble solids and pH values of date fruit wine 
fermented at di  erent pH levels showed a continuous decrease over time. In the  nal products, 
there was no signi  cant variation with 5.0 % total soluble solids observed at all three conditions 
(Figure 5(a)). However, it's noteworthy that date fruit wine produced at pH 4.0 demonstrated a 
statistically lower pH value compared to the other two conditions (Figure 5(b)).
 The acid contents in date fruit wine developed at di  erent pH values remained relatively stable 
throughout the fermentation process, although the product at pH 5.0 displayed a statistically lower 
acid content (Figure 5(c)). Upon examination of alcohol contents in date fruit wine fermented at 
di  erent pH values, there was a statistical decrease observed in alcohol contents corresponding to 
pH values, with pH 5.0 demonstrating the lowest alcohol content (Figure 5(d)).

 (a) Total soluble solids (b) pH value

 (c) Citric acid content  (d) Alcohol content
Figure 5 Physical properties of date fruit wine produced at di  erent pH values.

 When date fruit wine was fermented at di  erent pH values, the levels of reducing sugar, total 
phenolic, and ABTS radical cation scavenging activity did not exhibit statistical signi  cance, 
measuring at 3.4 g/L, 2.6 mM GE, and 0.9 mM TE, respectively (Figure 6(a) - (c)). However, it's worth 
noting that date fruit wine prepared at pH 5.0 displayed the statistically highest ferric reducing ability 
power, measuring at 4.1 mM FE (Figure 6(d)).
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 (a) Reducing sugar content (b) Total phenolic content

 (c) ABTS radical cation scavenging activity (d) Ferric reducing antioxidant power
Figure 6 Chemical properties of date fruit wine produced at di  erent pH values.

 The sensory evaluation of date fruit wine fermented at di  erent pH values revealed 
non-statistically di  erent scores across various parameters. Scores for color, odor,  avor, and overall 
liking ranged between 3.1 and 3.5 out of 5.0 (Table 3).

Table 3  Sensory properties of date fruit wine produced at di  erent pH values.

 pH value Color* Odor* Flavor* Overall*
 4.0 3.35±0.84 3.33±1.04 3.37±1.10 3.18±1.19
 4.5 3.27±0.97 3.28±1.08 3.35±1.02 3.23±1.17
 5.0 3.47±0.87 3.32±1.27 3.13±1.07 3.15±1.12

* There was no statistical di  erence.

Discussion

The decrease in total soluble solids observed during the fermentation process of date fruit wine could 
be attributed to the metabolic activities of yeast. Yeast metabolized sugars to produce energy, alcohols, 
and various other compounds such as organic acids and volatile compounds, while also generating 
heat and carbon dioxide [17] - [18]. As fermentation progressed, the pH value typically decreased 
due to the accumulation of organic acids. Date fruit wine originating from higher initial total soluble 
solids tended to exhibit elevated levels of acidity and alcohol compared to those from lower initial 
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concentrations. The initial sharp decline in pH values at the onset of fermentation was thought to be 
a result of carbon dioxide release, which formed carbonic acid upon dissolution [19]. Additionally, 
organic acids like citric acid, glutamic acid, succinic acid, fumaric acid, malic acid, and oxaloacetic 
acid, generated during yeast aerobic respiration, contributed to this pH reduction [20]. The yeast strain 
ICV-D47, known for its high beta-glucosidase activity, facilitated the hydrolysis of polysaccharides 
into sugars. These sugars were then converted into organic acids, ultimately resulting in date fruit wine 
with a lower pH value [11].
 De  nition of low-alcohol wines varies by country. For example, the United States considers 
wines with less than 8.5 % alcohol by volume to be low-alcohol, while the United Kingdom de  nes 
low-alcohol wines as those with less than 1.2 % alcohol by volume. [21]. Therefore, the date fruit wines 
produced in this study are not classi  ed as low-alcohol products in some regions of the world. 
Moreover, red wines contained 1.0 - 4.2 g/L reducing sugars and 0.28 - 0.56 % total acids, resulting in 
a pH range of 3.0 - 4.1 [22]. In contrast, white wine had 0.1 - 0.4 g/L reducing sugars and 0.40 - 0.73 % 
total acids, leading to a pH range of 3.0 - 3.5 [23]. Although reducing sugars contribute to the sweetness 
of wine, they also promote the growth of undesirable microorganisms. In contrast, organic acids inhibit 
the microbial growth but result in the sourness of wine. Therefore, moderate levels of reducing sugars 
and total acids were preferred in this study.
 Heat treatment at 100 oC during the preparation of date fruit must potentially led to a lower 
content of phenolic compounds compared to fresh date fruit juice, which typically ranged from 442 to 
653 mM GE [24]. This suggested that phenolic compounds in date fruit were sensitive to heat or might 
become bound to other substances during wine fermentation [25]. However, it's noteworthy that date 
fruit wine contained phenolic compounds at levels comparable to herbal mead, even after undergoing 
heat treatment at 100 oC for 90 minutes [26]. Furthermore, di  erent yeast strains exhibited varying 
abilities to form polyphenol-binding polysaccharides. For instance, strain BM4x4 stabilized phenolic 
compounds during growth but released them signi  cantly after cell death, whereas strain RC212 showed 
a lower release of phenolic compounds post-death [11].
 Ferric reducing ability power assessed the electron transfer capability of antioxidants like 
vitamin C,  avonoids, carotenoids, and phenolic acids to a ferric complex, which was then converted 
into a ferrous complex, resulting in a blue color [27]. Date fruit wine typically exhibited a lower level 
of ferric reducing ability power compared to fresh date fruit juice, which typically ranged from 77 to 
83 mM FE [24], indicating the sensitivity of bioactive compounds in date fruit to heat. Variations in 
yeast metabolism also contributed to di  erences in levels of ferric reducing ability power. For instance, 
ability of strain 71B to oxidize isoamyl alcohol and acetic acid into isoamyl acetate could lead to 
decreased levels of reducing agents and consequently, lower FRAP levels in date fruit wine. 
Yeast-mediated melatonin synthesis also enhanced ferric reducing ability power, as melatonin served 
as a potent reducing agent compared to other compounds like vitamin C, vitamin E, glutathione, NADH, 
and NADPH [28]. Consequently, the antioxidant activity measured by DPPH and ABTS radical 
scavenging assays correlated with the melatonin content [29]. Additionally, yeast cells contained various 
antioxidants such as proteins, vitamin E, and carotenoids [30].
 The date fruit wine fermented by strain K1-V1116, which received the highest  avor and overall 
liking scores, likely bene  ted from the formation of  oral esters such as isoamyl acetate, hexyl acetate, 
and phenylethyl acetate [11]. Wines produced from a substantial amount of date fruit pulp, resulting in 
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high initial total soluble solids, exhibited elevated levels of reducing sugar, total phenolics, ABTS 
radical cation scavenging activity, and ferric reducing ability power. Date fruit pulp contained various 
bioactive compounds including polyphenols (ferulic acid, p-coumaric acid, gallic acid, proanthocyanidin), 
 avonoids (quercetin, rutin, apigenin), carotenoids (iso  avone, beta-carotene, lycopene, lignan), sterols, 

and tannins [9], [31]. The signi  cant presence of date fruit pulp likely contributed to the dark color of 
wine, which was associated with consumer perceptions of a highly concentrated product, consequently 
leading to an excellent color liking score.
 Fermentation at a low pH value yielded date fruit wine with reduced pH levels and ferric reducing 
ability power. This might be attributed to a higher concentration of protons in the wine, which could 
potentially bind to electrons from a ferrous complex. Conversely, fermenting wine at a low pH value 
encouraged yeast growth, leading to elevated levels of acidity and alcohol [32]. Although this research 
did not assess the microbiological quality of the wine product, no microbial growth was observed 
during storage at room temperature for a year (data not shown).

Conclusion

The optimal conditions for producing low-alcohol date fruit wine were determined to be the utilization 
of S. cerevisiae strain K1-V1116 to ferment the date fruit must prepared with 15 % initial total soluble 
solids at pH 4.5. The  nal product demonstrated moderate levels of pH, acid, and alcohol content, 
while also receiving the highest scores for  avor and overall liking.
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