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 (boiled soymilk residue original sizes , BSMRO) 
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ABSTRACT 

Utilization of residue from soymilk �roduction in coarse ground �ork sausages 

was studied. Pork sausages were added with different sizes of boiled soymilk residue original 

sizes (BSMRO), >20 mesh (BSMR/20), 20-40 mesh (BSMR20/40) and <40 mesh. The result 

showed that sausages with BSMR40 added highly acce�ted. The different levels of soymilk 

residue were re�laced back fat in sausages formula (0-30%),  the level of soymilk residue and 

back fat ratio of 10 : 20  obtained the highest acce�table score (P<0.05). The quality changes of 

dried soymilk residue was monitored during storage. Dried soymilk residue was vacuum �acked 

in nylon laminate with �oly�ro�ylene (Nylon/PP) bags and stored at -20 ˚C , 4 ˚C  and room 

tem�erature.  Sausages with 10% of stored dried soymilk residue added were �re�ared weekly 

and were tested for �hysicochemical and sensory evaluation.  The �roduct added with stored 

soymilk residue was acce�ted u� to 14, 14 and 8 weeks of soymilk residue storage at mentioned 

tem�eratures, res�ectively. Coarse ground �ork sausages were �re�ared with adding soymilk 

residue stored at room tem�erature for 8 weeks. On the quality changes of the sausage with 

vacuum �acked in Nylon/PP were �erformed during storage at 4 ˚C for 15 days.  The lightness 

(L*) of sausages trended to decrease and TBARS was increased during storage (P<0.05). 

Microbial quality of soymilk residue added sausages was met community standard 

(STD.330/2547) until 9 days storage. For the consumer acce�tability, soymilk residue added 

sausages were acce�ted at the slightly like level. 
 
 



 (6)

 

 

................................................................................................................................. (3) 

ABSTRACT ... . (4) 

...... (5) 

 (6) 

LIST OF TABLES . (7) 

LIST OF FIGURES  (10) 

LIST OF APPENDIX FIGURES........................................................................................... (11) 

  

   1.  ...... 1 

           ...... 1 

           ...... 2 

            30 

   2.   31 

           .. 31 

            33 

   3.  ... 41 

   4.  ... 82 

.. 84 

 96 

           .  ........................................................................................... 97 

           .  .... 104 

           .  ... 106 

           .  .. 108 

.. 116 
 

 

 



 (7)

LIST OF TABLES 

 

Table                                                                                                                                         Page 

1. Percentage protein, crude fat/oil, crude fiber and carbohydrates, on dry weight 

basis, reportedly found in soymilk residue  

7

2. Composition of soymilk residue ... 7

3. Amino acid composition of protein from soymilk residue  8

4.  Formula of coarse ground pork sausages .. 35

5. Chemical composition of soymilk residue on a dry weight basis .. 44

6. 

 

Influence of soymilk residue sizes on the texture attributes of coarse ground pork  

sausages .. 

45

7. Influence of soymilk residue sizes on the colour values of coarse ground pork 

sausages ..

46

8. Liking scores of coarse ground pork sausages with soymilk residue sizes by  

9-Point Hedonic Scale  

47

9. 

 

Influence of  soymilk residue levels on the texture attributes of coarse ground 

pork sausages . 

50

10. Influence of  soymilk residue levels on the colour values of coarse ground pork 

sausages .. 

52

11. 

 

Liking scores of coarse ground pork sausages with soymilk residue levels by  

9-Point Hedonic Scale  

52

12. Changes in moisture content of vacuum packed dried soymilk residue during 

different storage time and temperature .. 

55

13. Changes in water activity values of vacuum packed dried soymilk residue during 

different storage time and temperature .. 

57

14. Changes in TBARS values of vacuum packed dried soymilk residue during 

different storage time and temperature .. 

58

 

 



 (8)

LIST OF TABLES (Cont.) 

 

Table                                                                                                                                         Page 

15. Changes in L* values of vacuum packed dried soymilk residue during different 

storage time and temperature . 

59

16. 

 

Changes in a* values of coarse ground pork sausages made from vacuum packed 

dried soymilk residue during different storage time and temperature....................... 

60

17. 

 

Changes in b* values of coarse ground pork sausages made from vacuum packed 

dried soymilk residue during different storage time and temperature ... 

60

18. 

 

Colour liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk 

residue during different storage time and temperature .. 

61

19. 

 

Odour liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk 

residue during different storage time and temperature .. 

62

20. 

 

Overall liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk 

residue during different storage time and temperature .. 

63

21. 

 

Changes in  L* values of coarse ground pork sausages made from vacuum packed 

dried soymilk residue during different storage time and temperature ... 

64

22. Changes in a* values of coarse ground pork sausages made from vacuum packed 

dried soymilk residue during different storage time and temperature ... 

65

23. Changes in  b*  values of coarse ground pork sausages made from vacuum packed 

dried soymilk residue during different storage time and temperature ... 

65

24. Appearance liking scores (9-Point Hedonic Scale) of coarse ground pork sausages 

made from vacuum packed dried soymilk residue during different storage time and 

temperature .. 

66

25. Colour liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made 

from vacuum packed dried soymilk residue during different storage time and 

temperature  

68

 

 



 (9)

LIST OF TABLES (Cont.) 

 

Table                                                                                                                                         Page 

26. Odour liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made 

from vacuum packed dried soymilk residue during different storage time and 

temperature . 

68

27. Texture liking scores (9-Point Hedonic Scale) of coarse ground pork sausages 

made from vacuum packed dried soymilk residue during different storage time and 

temperature . 

69

28. Overall liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made 

from vacuum packed dried soymilk residue during different storage time and 

temperature . 

70

29. Proximate composition (% wet basis) and pH, aw of coarse ground pork sausages 

with or without soymilk residue . 

71

30. Changes in L* a* b* values of vacuum packed coarse ground pork sausage made 

from new produce of soymilk residue and soymilk residue 8 week during storage 

at ˚C .. 

73

31. Changes in total viable plate count, yeast and mold, lactic acid bacteria of vacuum 

packed coarse ground pork sausages made from new produce of soymilk residue during 

storage at 4˚C . 

76

32. Changes in total plate viable count, yeast and mold, lactic acid bacteria of vacuum  

packed coarse ground pork sausages made from soymilk residue storage time 8 

week ... 

76

33. Demographic of consumers sample in Hat Yai . 78

34. Consumption and purchasing behavior of consumer on sausage .. 79

35. Product acceptance data from 100 consumers by 7-Point Hedonic Scale . 80

36. Consumer acceptance of coarse ground pork sausages .. 80

37. Cost calculation of coarse ground pork sausages ... 81

 
 



 (10)

LIST OF FIGURE 

 

Figure                                                                                                                                         Page 

1. Changes in TBARS values of vacuum packed coarse ground pork sausage made 

from new produce of soymilk residue and soymilk residue 8 week during storage 

at 4 ˚C  

74

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 (11)

LIST OF APPENDIX FIGURES 

 

Figure                                                                                                                                         Page 

1. soymilk residue original sizes .... 112

2. soymilk residue with a sizes grander than 20 mesh ... 112

3. soymilk residue with a sizes ranged from 20 mesh to 40 mesh................................. 113

4. soymilk residue with a sizes smaller than 40 mesh  113

5. boiled soymilk residue with a sizes smaller than 40 mesh . 114

6. Raw coarse ground pork sausage ... 114

7. Coarse ground pork sausage in vacuum packed  115

8. Coarse ground pork sausage after cook at 125˚C .. ... 115
 



1

 1 

 

 

    (processed meat product)      

 

   

 

 

   

 

 (Mallika and Prabhakar, 2011; Yang  et al., 2007; Chin et al., 1999; Migule et al., 1999; 

Pietrasik, 1999; Taki, 1991) 

     

  

   (Pearson, 1997; Colmenero, 1996) 

 

 

 

 

 (Giese, 1992)   

 

   (soy protein) 

(functional properties)    (Akesowan, 2008; 

Pietrasik and Duda, 2000; Chan and Ma, 1999; Chin et al., 1999; Gnanasambandam and Zayas, 1992; 

Carlin et al., 1978) 

        

   (Chan and Ma, 1999; Ma et al., 1997; Khare et al., 1995; Ohno et al.,1995)

 25.4-28.4  
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(Nakamura et al., 2008; Kasai et al., 2004)  

 

   

  (O Toole, 1999) 

     (Nuntisak, 2001; Kim, 2000) 

   (riboflavin) (Kinoshita et al., 1985) 

 single cell protein  (Khare et al., 1994) 

  (Ma et al., 1997) 

  (soy flour) 

 (soy protein concentrate : SPC)   (soy protein 

isolate : SPI) (Akesown, 2008; Pietrasik and Duda, 2000; Chin et al., 1999; Dexter et al., 1993; 

Decker et al., 1986; Sofos and Allen, 1977; Smith et al., 1973) 

 

 

 

    

 

    

  

  

 

 

1.  

    Glycine  max  (L.)   Merril    

  Leguminosae  Papilionodeae  Phaseoleae  Glycin Willd.  Soja (Moench) 

(Canadian Food Inspection Agency, 1996) 

  90-200   3   

  8  90  2   
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     ( )  

( )   (tap root system) 

    30-150 

    

 .4  .5    60 

 4  1 ( , 2552;  , 2548)  

  2547-2552   225.23  

 8.18    

     98 

  85  

 

  2552  

758,041   190,480   254   

 . . 2552     

     

  42  (  , 2554; 

, 2552)  

 1.1  

        

 

   38-40  18-21  

 7.55-8.73  5.91-7.89  34  4.9 

  41-43 

  23  (

, 2527; Padgette, 1996)  

 

 



4

          

  

 

   (Kennedy, 1995)  

  (linoleic acid)  (linolenic acid) 

 (oleic acid)  (palmitic) 

   

  

 (  , 2548)  

   

          

 (flavonoid) 

  

    

  

  (phytoestrogen)  

  

(Lakshmanan et al., 2006; Lumen, 2005; Saidu, 2005; Moyad, 1999; Jacobsen et al., 1998; Liu, 

1997; Kennedy, 1995;  Messina et al., 1994) 

 1.2  

        

 

  (  , 2549;  , 2548;  , 

2543;   , 2543; 

, 2527) 

  1.2.1     
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  1.2.2           

          

  

  1.2.3      

   

  (Rizobium japonicum) 

 

2.  

      ( . . 2533)   

   

 

  

      

  

      

 (lipoxygenase) 

  (fatty acid hydroperoxides) 

 (Orthoefer, 1978)

  

  

  

    

 

  

 trypsin inhibitor  

  (   

  , 2543;   , 2536; Lui, 1997) 
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  2551    

 18,000   7.0  2550 

  42.0 ( - , 2550; 

, 2549; , 2548; Saito et  al., 2004) 

3.  (Soymilk Residue) 

     (soymilk residue)   

  

(Matsumoto et al., 2007;  Chan and Ma, 1999; Ma et al., 1997; Khare  et al., 1995; Ohno et al.,1995) 

 (fresh soymilk residue) 

  

  (O Toole, 1999)   

 10  1  1-1.1  (Li et  al., 2007; 

Chan and Ma, 1999; Khare et  al., 1995)  O Toole (1999) 

 25.4-28.4   9.3-10.9  

 40.2-43.6  12.6-14.6  

5.3   Mustapha (2005)   

4.73  1.5  1.5  7.0   84.50 

 0.4   Table 1  Table 2  

  Table 3 
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Table 1.  Percentage protein, crude fat/oil, crude fiber and carbohydrates, on dry weight basis,  

   reportedly found in soymilk residue. 

Protein 

(%) 

Crude fat/oil 

(%) 

Crude fiber 

(%) 

Carbohydrate 

(%) 

References 

 

24.0 (18.2-32.2) 15.2 (6.9-22.2) 14.5 (9.1-18.6) - Bourne (1976) 

26.8 12.3 - 52.9 Ma et al., (1997) 

23.97 15.13 16.94 - Tarachai et al., (1999) 

29 11 60 - Li et al., (2007) 

25.46 14.52 - 50.37 Xie et al., (2008) 

30.45 8.25 - 3.82 Ahmed et al., (2010) 

 

Table 2.  Composition of soymilk  residue 

Composition Amount 

(% dry basis) 

                  Crude protein (Nx5.71) 28.00 

                  Oil 9.30 

                  Total carbohydrates 50.00 

                  Free carbohydrates 5.42 

                  Minerals (mg/100g)  

                              Calcium 260 

                              Magnesium 163 

                              Iron 6 

                              Potassium 10.46 

                  Vitamines (mg/100)   

                              Riboflavin 0.59 

                              Thiamin  0.04 

                              Niacin 1.01 

 : Khare  (1995) 
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Table 3.  Amino acid composition of protein from soymilk residue 

Amino acid (g kg-1 of protein) 

                           Aspartic acid 108.6±3.19 

                           Theonine 53.1±1.30 

                           Serine 33.5±1.07 

Glutamic acid 164.3±4.82 

Praline 52.4±2.06 

Cysteine 12.5±0.41 

Glycine 42.3±0.97 

Alanine 45.8±2.06 

Valine 55.8±1.42 

Methionine 10.6±0.19 

Isoleucine 53.7±1.35 

Leucine 82.5±3.39 

Tyrosine 34.3±1.76 

Phenylalanine 48.4 ±1.91 

Histidine 35.1±1.04 

Lysine 80.9±2.05 

Arginine 75.0±2.43 

Tryptophan 11.4±0.87 

 :  Waliszewski  (2002) 
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4.  

       

  

 4.1  

      

   (O Toole, 1999) 

  

  

 (lipase) (Kittikun  Tani, 1986)  Bacillus 
subtilis NB22  lturin A  Antifungai Peptide Antibiotic (Ohno et al., 1996) 

 Aspergillus niger   

 (Khare et al., 1995)  Yokata  (1996)  

Bacillus  natto  45   24   crude antioxidant 

preparation NTX  

 foot edema  

 4.2   

      

   (riboflavin) (Kinoshita et al., 1985) 

 single cell protein  (Khare et al., 1994) 

 isoelectric point 

 

 25  80  

 80     53.4 (Ma et al., 1997) 

 Trongpanich  (2000)  dietary fiber concentrate (DFC) 

   DFC  40 

 45  DFC  3   

Chan  Ma (1999) 
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  (emulsifying properties) 

 (foaming properties) 

 (lysine) 

 

 

 4.3   

       

 

 Nuntisak (2001)    

   

   

   

  38.3  42.8 

  

  4.02  

   

 

 30   30  20  

 6.00 ( ) 

     Genta  (2002)  (nougat candy) 

       

 (natural essences)  3   A (  18.3 

 27.4)  B (  27.4   17.3)  C 

(  36.6    9.1)   

  

 ( A)   
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     Waliszewski  (2002)   

 (corn tortillas made from 

nixtamalized corn flour)  5 10 15 20  25 

 10  

 10  lysine  tryptophan  

     Kim (2000)  

 0 5 10 15  20  

 10 15  20 

  (a*)  (b*)  (L*) 

 

   specific volume 

 20  

 

 5 10  15 

 10   20   

 5  

  

     Aplevicz  Demiate (2007)   cheese bread   

 5 10  15   cheese 

bread premix    cheese bread 

   9-Point Hedonic Scale

  5 
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5.  

      (sausage)  salsas    

  

    

    

   (  , 2550) 

  

  Kramlich (1975)  2     

      (coarse-ground sausage)  

  

  

  

     

   

      (emulsion-type product)  

  

     

    (2536) 

 

 5.1  (fresh sausage)   

    

3-5      

 1-3     

      0-4    

 2-4      

  5.1.1  (fresh pork sausage)   
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  5.1.2  (fresh country style sausage)  

  1 3/8   8-10  

  5.1.3  (bratwurst)   

  1 3/8   4   

  5.1.4  (bockwurst)   

  

 5.2  (smoked sausage) 
  

 2   3-5   

 50     

 64-65     

  5. 2.1    

   5.2.1.1  (metwurst)  60-70  30-40 

     1 1/2-1 

3/8   

   5.2.1.2  (kielbasa)    

 1 1/2    4-5   8-10  

   5.2.2    

   5.2.2.1  (frankfurters)  40  

60     

 1   4       3/4  4-

5 11/2  (vienna)    

 (cocktail style frankfurters) 

   5.2.2.2  (knoblauch)  (knackwurst)  

  3-4  

   5.2.2.3  (bologna)  

1 1/2     3 1/2-5  

 12-15   
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   5.2.2.4  (berliner)  

   3  

 5.3  (cooked sausage)  

   

   

  5.3.1  (liver sausage)     

    

  5.3.2  (blood sausage  blutwurst)  

  

1 1/4   

5.4   (dry sausage)  

  3  

  5.4.1  (cervelats)      

   5.4.1.1   (summer sausage)   

      1 1/2  

   5.4.1.2  (holsteiner)   

 

   5.4.1.3  (thuringer)    

 

   5.4.1.4  (gottinger)     

  

   5.4.1.5  (goteborg)   

  

  5.4.2  (fermented dry sausage) 
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   5.4.2.1  (salami)   

   

 1 3/8    

   5.4.2.2  (leyons)   

4   1-2    

 

   5.4.2.3  (mortadella)  

   

 

   5.4.2.4  (cappicola)     

   

   5.4.2.5  (popperoni)  

  

 1 1/3   

   5.4.2.6  (mum)   

    

   5.4.2.6  (chiness sausage)   

      

  

6.  
       (2550) 

  

 6.1  

 

 (pigment)  

 binder   myoglobin 

  

 pre-rigor  post-rigor 

 (rigor mortis)   actin  myotin 
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 actomyosin  emulsifier   

     actin  myosin   

   

 6.2    

  

   

disperse phase  

 (lipophilic)    

  9   

 

 6.3   45-55    

      

      

 myosin   

   

 6.4    

  actin  myosin  

   

    

  

  

   

 

 6.5    
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 6.6   (sucrose)  (dextrose) 

 (lactose) corn syrup solid  

 

 6.7     

      

        

 6.8    

   

 (water holding capacity)  

 6.9 Extender   

     extender 

  

  6.9.1 Binder  

   

       

   (caseinate)  

  6.9.2 Filler   

             

   

 (slice)   

  6.9.3 Extender   gum, alginate, lrish moss, gum arabic,  gum tragacanth 

  stabilizer  

 hydrophilic 
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 6.10   (casing)  

  

 

    (2536) 

 2   

  6.10.1   (artificial casing)   

    

  2    

   6.10.1.1  (edible artificial casing)  

(regenerated collagen)    

  

  

   6.10.1.2   (inedible artificial casing) 

   1.5-15  

 

  6.10.2   (natural casing)      

       

7.  

      

    

  

 7.1  (size reduction)  (meat 

grinder)  (surface area) 

    

    

 7.2  (mixing)  (mixer)   
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 7.3  (stuffing and linking)  

(stuffer)  (mold)  (casing)  

   

  (  , 2527) 

8.  

      2   

  

 2    (oil-in-water)  

 (water-in-oil) 

   

 (hydrophilic portion)  (lipophilic portion) 

 (  , 2545) 

       disperse  phase 

 discontinuous phase  continuous phase 

  (salt soluble protein)  

 (myofibrillar protein)  

   (matrix) 

 

(  , 2529; Parks and Carpenter, 1987) 

 (surface tension)   

(Lin and Zayas, 1987) 

9.   

     

        

 (carrier)   

 (Suman and Sharma, 2003; Pearson and Gillett, 1996)  
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  20-50 (Mallika 

and Prabhakar, 2011; Dharmaveer et al., 2007; Sachindra et al., 2005; Brown, 2004;  Mendoza et 
al., 2001; Lyonsa et al., 1999) 

   (Pearson, 1997; Colmenero, 1996) 

  

 

 (Mallika and Prabhakar, 2011; Yang  et al., 2007; Chin et  al., 
1999; Migule et al., 1999; Pietrasik, 1999; Taki, 1991) 

 

        2   

 ( ) 

     

  

 (Colmenero, 1996) 

    

(Pearson, 1997)   

 (Candogan and Kolsarici, 2003) 

   

 9.1  

       Roller 

 Jones (1996)    

      (fat replacer)   
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      (fat substitute)   

    

 1:1 

      (fat mimetic)  

 1:1 

 

      (low-calories fat)   

  

      (fat extender)   

 

     Lucca  Teppe (1994)  3   

  9.1.1   (fat 

or lipid)     

  (oil in water)  

(water in oil)  (wetting agent) 

  9.1.2   

  

    

  

  9.1.3  

   

   (creamy) 

 (fat-like texture)     

(deneturation)  (Keeton , 1997; Pearson, 1997; 

Ellekjaer et al., 1996; Comer et al., 1986)  

    (nonfat milk) 

    (whey protein concentrate)  

   (Lyonsa et al., 1999; Giese, 1994)   
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 (sunflower protein)  (wild rice) 

 ( wheat germ protein)  (corn germ protein) 

  (soy flour)  (soy protein 

concentrate)  (soy protein isolate) (Serdaroglu and Sapanci, 2003; 

Dzudie et al., 2002; Gujral et  al., 2002; Pietrasik and Duda, 2000; Chin et al., 1999; Bejosano 

and Corke, 1998; Dexter et al., 1993; Gnanasambandam and Zayas, 1992; Trout et al., 1992; 

Minerich et al., 1991; Zayas and Lin, 1988; Linn and Zayas, 1987; Decker et al., 1986; Wills and 

Rabirullah, 1981; Sofos and Allen, 1977 Smith et al., 1973) 
   9.1.3.1  (functional properties)  

  

    

  

  (beany)  

  

 90   

 (Ho et al., 1997; Mcmindes, 1991) 

  

   

(hydrophilic)  (hydrophobic) (Arrese et al., 1991) 

     
      (2527)  

   

 24   

 

  

 10  16-20 

  30 

    Ho  (1997)  

 3  (frankfurters)  (pork 

sausage patties)     
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    Pietrasik  Duda (2000) 

κ-carrageenan (GELPRO,  3:1)  0 1.5  3 

  20 30  40     

  GELPRO  

  GELPRO 

 GELPRO   

  

    Akesowan (2008)   

 0 1 1.5  2  light pork sausage (

 10)    2 

 cooking yield   

  

 1.5   

  light pork sausage     

  9.1.4   
     

  (cereal starch)  (vegetable flour)

 (soy flour)  (soy protein concentrate) 

(nonfat dry milk)  (calcium-reduced nonfat dry milk)

 3.5   

(soy protein isolate)  (caseinate)  2 

 (Giese, 1992) 
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10  

 10.1   

      

     

      

  

   

 

 

  

     

    

      50-57 

 (aw)  0.97-0.99 

 (Buchanan, 1986)  

       

   

     

   

  

    -    6.0  

 (Buchanan, 1986)  
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  10.1.1   
      3    

  

   10.1.1. 1  

     

   

 Lactobacillus sp. Leuconostoc sp.  Streptococcus sp.  

 (Roberts and Skinner, 1983) 

    

   (lactic acid bacteria)  

   

Lictobacilli  107   

 6.0-6.5  5.8-5.9  108  

 5.8-5.9  4.6-5.5  

 (Korkeala and Makela, 1989)  

   10.1.1.2   

       

 Lactobacillus sp. Leuconostoc sp. Streptoccus sp.  Micrococcus sp. (Roberts and Skinner, 1983) 

      

(anaerobic bacteria)   (aerobic bacteria) 

   

 

 Lactobacilli  

 (Korkeala and Lindoth, 1987) 

      2    
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   10.1.1.3   

     10.5 

   

  

  Lactobacillus sp.  Leuconostoc sp. 
  

 12-36   

 4   

  (peroxide) 

  (nitric oxide hemoglobin) 

 (oxidized porphyrin)  (Roberts and Skinner, 1983) 

       

   

   P.syncyanea   

 Chromobacterium lividum (Frazier and Westhoff, 1981) 

 10.2   

  10.2.1   

     

 

   

     (  , 2548) 

 (primary product)   

(hydroperoxide)  (secondary product)   (ketone)   

(aldehyde)   (St. Angelo, 1996) 

  TBARS (Thiobarbituric acid reactive substance) 

 (mg malonaldehyde/kg sample)   
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   10.2.1.1    (autoxidation )  3   

(Bohnstedt, 2005; Jadhav et al., 1995)

    (1)  (initiation reaction)  (free radical) 

 (RH)    

 

  (R ) 

     
 

      RH + initiation                                        free radical (R )  + H 
            

     

 (peroxy)  
 

               H    H                                                          H    H 

           R  C = C R + O2                                  R  C  C  R  

                                                                                           O  O  
 

    (2)  (propagation reaction) 
  (ROO ) 

  

(ROOH)  (R ) 

   
 

           R  +  O2                                              ROO  

          ROO  +  RH                                       ROOH +  R  

 

    (3)  (termination reaction) 
 (non-radical products)  2   
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       R  +  R                                                  R  R  

       ROO  +  ROO               

        
                                         ROOR + O2 

       RO  +  R                                               ROR 

       ROO  +  R                                             ROOR 

       2RO  + 2ROO                                       2ROOR + O2 

   10.2.1.2    

    (1)    

  2  

    

( )  (Nawar, 1996)  

    (2)   

   (heme 

iron)  (chlorophylls)  (Nakatami 

and lkeda, 1984)  

    (3)   

 (Jadhav et  al., 1995)  

    (4)      

(Nawar, 1996)  

    (4)    2-3   (Co)  (Fe 2+ or Fe3+) 

 (Cu+ or Cu2+)  (Mn)   (Ni)   

   

 singlet oxygen  (Nawar, 1996)  

    (5)   

       (aw)  

  (aw < 0.1)  

  0.3  

  

 (aw = 0.55-0.85)  

 (Nawar, 1996)  



29

        

  (lypoxygenase) 

 Fe2+  Fe3+  fatty acid hydroperoxides  hydrogen 

peroxides  ROX-Fe3+  

methylene  Fe3+  Fe2+  enzyme-

alkyl radical (ROX-Fe2+- R )  O2  ROX-Fe2+-ROO 

 (Gordon, 2001) 

  10.2.2  
 

     

 (dehydration)  (degradation) 

 (condensation)   

 (  , 2545)  

   10.2.2.1     

   (1)   

(N-substituted glycosylamine)  

   (2)  (imines  Schiff base) 

 Amadori rearrangement  (aldoseamine) 

(ketoseamine)  Amadori products  

   (3)  enolization  Amadori products  

 

   (4)  (furan)  

   (5)   
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   1.   

 

   2.   

 

 

   3.  

 4  
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 2 

 

 

1.  

 1.1   60 

 1.2    .  

 1.3     

 1.4     

 1.5    22 (Nippi Collagen Industries, Ltd.  ) 

 1.6  

2.   

 2.1  Kjeldahl (A.O.A.C., 2000) 

 2.2  Soxhlet extraction (A.O.A.C., 2000) 

 2.3  (A.O.A.C., 2000) 

 2.4  (A.O.A.C., 2000) 

 2.5   Hot Air Oven (A.O.A.C., 2000) 

 2.6 -  (pH) (Benjakul et al., 1997) 

3.   

 3.1  Total Via�le Plate Count:TVC (BAM, 2001)  

 3.2  PDA (Speck, 1984)  

 3.3  MRS (Papamanoli et al., 2003)  

 

1.   

 1.1   

 1.2  

 1.3  
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 1.4  

 1.5  

 1.6  20  40 mash  

 1.7   5  

 1.8   Crypto Peerless  

 1.9   

 1.10   (Nylon/PP) 

 1.11      

 1.12      

2.   

 2.1   HunterLa�  ColorFlex  

 2.2    Binder  FD 115 

 2.3  Digital pH meter  Eutech Instruments  Cy�erScan pH 510 

 2.4  Texture Analyzer  Sta�le Micro System  TA XT2i    

   

 2.5  (aw)  Novasina  Thermoconstanter 

 2.6   Fisher Scientific  550-14  

3.   

4.  
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     9     

1.  

2.  

3. 

   

4. 

   

5. 

 

6.   

7.  

8.  

9.  
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1.   

     Metwalli  (1982)  

 

    (1) - 

 0.1  (Bourne, 1976) 

 4   12-15  

 1  3  

    (2)  3   

(  40-45 )  

 1  7  

    (3)   

 (fresh soymilk residue : FSMR)  60±2 

   5±1 

    (4)  (dried soymilk residue :DSMR)  

 20   40  

 4     

  20    20  

 40   40   

    (5)  4   30   

 1:8   2  

 5   30  

 4    (�oiled soymilk residue original  

sizes , BSMRO)  20  (�oiled soymilk residue 

with a sizes grander than 20 mesh , BSMR/20)   20 

  40  (�oiled soymilk residue with a sizes ranged from 20 mesh to 40 

mesh , BSMR20/40)  40  (�oiled soymilk 

residue with a sizes smaller than 40 mesh , BSMR40) 
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2.  

     (FSMR)  

(DSMR)  4  (BSMRO BSMR/20 BSMR20/40 BSMR40) 

   

    (1)  Hot Air Oven  (A.O.A.C., 2000) 

    (2)  (Nx5.71)  Kjeldahl  (A.O.A.C., 2000) 

    (3)   Soxhlet extraction  (A.O.A.C., 2000) 

    (4)  (A.O.A.C., 2000) 

    (5)  (A.O.A.C., 2000) 

3.  

    

    

 4   BSMRO 

BSMR/20 BSMR20/40  BSMR40    

  (2543)   Ta�le 4  

Ta�le 4.  Formula of coarse ground pork sausages. 

     Componen % 

                             Ground pork meat 65 

     Ground pork �ack fat 30 

     Salt     1.8 

     Sugar 1.5 

     Black pepper 0.25 

     Garlic 1.2 

     Monosodium glutamate   0.25 

 :    (2543) 
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 10 ( )  

 

    (1)  

10    

    (2)     

 

    (3)  

    (4)  

 15   80   

 10   

  Nylon/PP  

 4  

 10  4   

BSMRO BSMR/20 BSMR20/40  BSMR40     

 3.1  Texture Analyzer 

     125   

20    2  

   

30   texture profile analysis 

(TPA)   

(hardness)  (adhesiveness)  (springiness)  (cohesiveness) 

 (gumminess)  (chewiness) 

 (texture analyzer) (Bourne, 1978)  1. 

 (Completely Randomized Design, CRD)  Analysis of 

Variance (ANOVA)   Duncan s Multiple Range 

Test (DMRT)  5  
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 3.2  CIE  L* a* b*  

     125   

20   0.5   CIE ( L* a* b*) 

 hunter la�  2.  

(Completely Randomized Design, CRD)  Analysis of Variance 

(ANOVA)   Duncan s Multiple Range Test 

(DMRT)  5  

 3.3  

     

 10  BSMRO BSMR/20 

BSMR20/40  BSMR40  125  

 20   0.5       

 2     

   9  (9-Point Hedonic 

Scale) (Larmond, 1977)   1    2        

  3    4    5 

    6     7    8 

   9   

  (Randomized Complete 

Block Design, RCBD)   30  

 Analysis of Variance (ANOVA)  Duncan s 

Multiple Range Test (DMRT) 

4. 

   

    

  3.3 
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 3 

 0 5 10 15 20 25  30  

 3.1   3.2 

  3.3  

 

5.  

  

 

 5.1 

  

     (DSMR)  

 Nylon/PP  -20  4  

 (~27±2 )   0 2 4 6 8 10 12  14  

       

    (1)  Hot Air Oven (A.O.A.C., 2000) 

    (2)  (aw)  (aw) 

    (3)  CIE  L* a* b*  Hunter la� 

    (4)  TBARS (Buege and Aust, 1978)  

    (5)  

  5  

  1   

     9   (9-Point Hedonic 

Scale) (Larmond, 1977)   30  

 (Randomized Complete Block Design, RCBD)  

    30  

 Analysis of Variance (ANOVA)  

Duncan s Multiple Range Test (DMRT) 
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 5.2  

 

     (DSMR)  

 5.1  3 

 3.3 

 4  

  3.2 

  3.3   

 Nylon/PP 

 (~27±2 ) 

   

 

 

6.   

     

 5.2  

   

    (1)  Hot Air Oven (A.O.A.C., 2000) 

    (2)   Kjeldahl (A.O.A.C., 2000) 

    (3)   Soxhlet extraction (A.O.A.C., 2000) 

    (4)  (A.O.A.C., 2000) 

    (5)  (A.O.A.C., 2000) 

    (6)  (aw)  (aw) 

    (7) -  (pH) (Benjakul et al., 1997) 
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7.  

     

   

 5.2  

 Nylon/PP  4   15  

 3    

    (1)    L* a* b*  

    (2)    TBARS (Buege and Aust, 1978) 

    (3)   

(Total Via�le Plate Count: TVC)   

8.  

    

  

   15-60   100  

  

       

 7  (7-Point Hedonic Scale) (Larmond, 1977) 

 1    7    

9.   
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 3 

 

1.  

     (FSMR)  

 (DSMR)  4   

 (BSMRO)  20  (BSMR/20)   

 20   40  (BSMR20/40) 

 40  (BSMR40) 

 Table 5       

  FSMR  74.76  10.43  

1.62  3.57  0.94  12.25  

 �apakaset  (2009) 

 76.5  1.6  5.5   

7.0  0.5    DSMR   5.78 

 39.69  16.84   8.87  3.50 

 44.19   Xie  (2008) 

 6.01  

25.46  14.52  3.64  50.37  

 Tarachai  (1999)  23.97  15.31 

 16.94  3.58   

  

 (O Toole, 1999) 

 4  (BSMRO BSMR/20 BSMR20/40  BSMR40)  81.17 

 81.76  3.86  8.82  1.43  1.45  0.77  0.90 

 0.40  0.56 

 Table 6 
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 (albumins)  

  (  , 2545) 

2.   

    

 2.1   Texture Analyzer 

     Texture Analyzer 

  (hardness)  (adhesiveness)  

(springiness)  (cohesiveness)  (gumminess)  

(chewiness)   hardness cohesiveness 

gumminess  chewiness (P<0.05) 

 BSMR/20  BSMR20/40  hardness cohesiveness gumminess  chewiness 

 (P≥0.05)  adhesiveness  springiness  5  

 (P≥0.05)  Table 6 

     

BSMRO BSMR/20 BSMR20/40   

 BSMRO  BSMR/20 BSMR20/40 

 hardness gumminess chewiness  (P<0.05) 

 Cardello  (1983)  hardness 

  

hardness    

    

  

 BSMR40  hardness    (P<0.05) 

 cohesiveness gumminess  chewiness  (P≥0.05) 
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 BSMR40  hardness  (Lee et al., 1992) 

 2.2  CIE  L* a* b* 

     Hunter lab  CIE  L* a*  b* 

 L*   (lightness)  L*  0   L*  100  

 a*  (redness)  a*   (greenness)  a* 

  b*  (yellowness)  b*     

(blueness)  b*   

 10  

 Hunter lab (Table 7)   

 BSMRO BSMR/20 BSMR20/40  BSMR40  L*  

59.37 61.72 63.20 63.40  63.58  a*  2.64 2.51 2.23 2.03  1.90  b*  

15.51 16.18 16.57 15.62  16.16   L*  a*  b*  

 5   L* 

 a*   Pietrasik  Duda (2000)   L* 

     

  L*  

  

 L*   �udge  1974 (  Ray et al., 1981) 

   

  L*  
a*   b* ( ) 

  

 b*  (P≥0.05) 
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 4   

   

 (Ranem and Destefanis, 1987) 

Table 7. Influence of soymilk residue sizes on the colour values of coarse ground pork sausages 

       Soymilk L* a* b* 

residue sizes (lightness) (redness) (yellowness) 

Control 59.37±0.38c 2.64±0.19a 15.51±0.71b 

BSMRO 61.72±0.75b 2.51±0.10a 16.18±0.56ab 

BSMR/20 63.20±1.00a 2.23±0.13b 16.57±0.51a 

BSMR20/40 63.40±0.28a 2.03±0.18c 15.62±0.58b 

BSMR40 63.58±0.47a 1.90±0.08c 16.16±0.42ab 
a-c Means in a same column with different letters are significantly different (P<0.05). 

 2.3 

    

 BSMRO BSMR/20 BSMR20/40  BSMR40 

    30  

 

   

    

    

  Table 8 
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Table 8. Liking scores of coarse ground pork sausages with soymilk residue sizes by 9-Point 

Hedonic Scale 

   Soymilk Liking scores 

residue sizes Appearance Colour Odour Texture Overall liking 

Control 6.97±0.89a 6.43±1.10a 6.53±1.19a 6.57±1.01a 7.07±0.94a 

BSMRO 6.53±1.07ab 6.33±1.18a 6.13±1.19a 6.17±1.31a 6.63±1.16ab 

BSMR/20 6.27±1.28b 6.30±1.21a 6.40±1.00a 6.33±1.21a 6.63±0.85ab 

BSMR20/40 6.30±1.37ab 6.30±1.29a 6.10±1.03a 6.30±1.26a 6.37±1.07b 

BSMR40 6.70±1.39ab 6.50±1.17a 6.40±1.20a 6.40±1.35a 7.00±1.14a 
a-b Means in a same column with different letters are significantly different (P<0.05). 

  2.3.1   

      

     

  

   

Cardello  (1983)  

  BSMRO BSMR/20 BSMR20/40 

 BSMR40  6.53 6.27 6.30  6.70  

  4  

 

  2.3.2  

       

  BSMRO BSMR/20 

BSMR20/40  BSMR40  6.33 6.30 6.30  6.50    

  (P≥0.05) 

 Table 7  

 a*  (Table 7) 
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 (P≥0.05) 

  2.3.3  

      

  (P≥0.05) 

 

 0.25  1.20 

  

 (P≥0.05)  

  BSMRO BSMR/20 BSMR20/40  BSMR40 

 6.13 6.40 6.10  6.40  

  (P≥0.05)  

  2.3.4   

      

 

 (P≥0.05)   

BSMRO BSMR/20 BSMR20/40  BSMR40 

 6.17 6.33 6.30  6.40   

(P≥0.05)  Texture Analyzer 

 Table 6  hardness 

   

Cardello  (1983) 

  

  2.3.5   
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 30    BSMRO BSMR/20 

BSMR20/40  BSMR40   6.63 6.63 6.37  7.00    

 BSMR40   

    

    

   

BSMR40 

  

 BSMR40 

 

3.  

    

 3.1   Texture Analyzer 

 BSMR40 

 0 ( ) 5 10 15 20 25  30  

 texture analyzer (Table 9)   5  10 

 hardness  (P<0.05) 

 hardness  (Lee et al., 
1992)  15 20  25 

 hardness gumminess  chewiness  (P<0.05) 

    

  (Berlitz and Grosch,1986) 

 (  30)  hardness   
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3.2  CIE  L* a* b* 

     BSMR40  0 5 10 15 20 25  30  

   

 Hunter lab (Table 10)  

 (L*)  (P<0.05)  (a*) 

 (P≥0.05)  

  

  

 Decker  (1986)  

  

 3.3  

     BSMR40 

 0 5 10 15 20 25  30 

   30  

 

  

      

    

 BSMR40  0 5 10 15 20 25  30  Table 11 
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Table 10. Influence of soymilk residue levels on the colour values of coarse ground pork sausages 

BSMR40 L* a* b* 

(%) (lightness) (redness) (yellowness) 

0 52.44±0.82g 2.86±0.35a
 15.89±1.04a

 

5 57.39±0.42f 2.38±0.16ab
 15.87±0.44a

 

10 58.58±1.12e 2.04±0.35bc 14.90±0.88abc 

15 61.16±0.19d 2.01±1.16bc 14.46±0.60c 

20 62.83±0.23c 2.09±0.28bc 14.90±0.92abc 

25 63.78±0.72b 1.77±0.12bc 14.77±0.36bc 

30 67.56±0.26a 1.39±0.17c 15.51±0.41ab 
a-g Means in a same column with different letters are significantly different (P<0.05). 

BSMR40 : boiled soymilk residue with a sizes smaller than 40 mesh 

 

Table 11 Liking scores of coarse ground pork sausages with soymilk residue levels by 9-Point   

   Hedonic Scale 

BSMR40 Liking scores 

(%) Appearance Colour Odour Texture Overall liking 

0 6.83±1.05a 6.63±1.09a 6.27±1.36ab 6.61±1.11a 7.10±0.71a 

5 6.67±1.03a 6.83±1.09a 6.80±1.35a 6.70±1.29a 7.07±0.91a 

10 6.70±1.09a 6.90±1.03a 6.77±1.22a 6.80±1.13a 7.13±1.01a 

15 6.53±1.25a 6.60±1.16a 6.53±1.28ab 6.87±1.04a 6.60±1.43ab 

20 6.57±0.97a 6.47±1.14a 6.50±1.31ab 6.80±0.89a 6.67±1.21ab 

25 6.57±1.30a 6.50±1.28a 5.80±1.61bc 6.53±1.04a 6.37±1.33b 

30 5.20±1.67b 5.20±1.56b 5.10±1.75c 5.23±1.41b 4.73±1.44c 
a-c Means in a same column with different letters are significantly different (P<0.05). 

BSMR40 : dried soymilk residue was sieved to 40 mesh after boiled. 
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  3.3.1  

      

5 10 15 20  25  

 (P≥0.05)   30 

   (P<0.05)  

 

  

  3.3.2   

      

 (Decker et al., 1986) 

 5  25  

 (P≥0.05)  30 

 (P<0.05) 

 Table 10 

  

(  30)  

  3.3.3   

       

  

 lipoxygenases (Narvel et al., 2000) 

 

  

  5 

 20    

(P≥0.05)  25   30 

 (P<0.05)  
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  Serdaroglu and Ozsumer (2003) 

  

  Lyonsa  (1999)  

  Lyonsa  (1999)  

 

 

  3.3.4  

       5   25 

 

 (P≥0.05)  30  

 (P<0.05)   Texture Analyzer   

 Table 9  hardness  30 

  

  3.3.5  

       

 

 0 5  10  7.10 7.07 7.13  

 15 20  25   6.60 6.67  

6.37   30 

 4.73  

 

    

  

  

   

   10 
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4.  

   

 4.1  

 

  4.1.1  

   4.1.1.1  

     (%) 

 Nylon/PP  

3   -20  4  (~27±2˚C) 

 14   Table 12 

Table 12. Changes in moisture content of vacuum packed dried soymilk residue during different 

                 storage time and temperature 

Storage time Moisture (%)

(weeks) 20˚C 4˚C 27˚C

0 5.78±0.09a,x 5.78±0.09a,x 5.78±0.09a,x 

2 6.79±0.09b,y 7.09±0.22ab,y 7.34±0.23a,y 

4 6.92±0.19b,y 7.09±0.09b,y 7.38±0.09a,yz 

6 7.23±0.19b,z 7.27±0.09b,yz 7.60±0.13a,yz 

8 7.32±0.15a,z 7.39±0.20a,z 7.66±0.27a,yz 

10 7.37±0.08b,z 7.46±0.06b,z 7.71±0.16a,z 

12 7.45±0.25a,z 7.47±0.05a,z 7.72±0.24a,z 

14 7.47±0.11a,z 7.51±0.10a,z 7.74±0.19a,z 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
x-z Means within the same column with different superscripts are significantly different (P<0.05). 
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     Table 12   (%) 

  3  

 14    

 -20    5.78 

 14   7.74  4    5.78 

 14   7.51  (~27±2˚C)  5.78  14 

 7.74 

    

  

  

 Nylon/PP      

 

  Nylon/PP  0.7 / ./   

 240 . ./ ./  (   , 2554; 

 , 2552; , 2542) 

   4.1.1.2  (aw) 

      (aw) 

 Nylon/PP  3  

 -20  4  (~27±2˚C)  14  

 Table 13  3  

 2     (aw) 

   -20   0.40 

 0.46   4      0.40  0.49 

      0.40  0.5  

   

  (  , 2545) 
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Table 13. Changes in water activity values of vacuum packed dried soymilk residue during 

   different storage time and temperature 

Storage time aw

(weeks) 20˚C 4˚C 27˚C

0 0.40±0.01a,v 0.40±0.01a,v 0.40±0.01a,x 

2 0.41±0.00c,vw 0.45±0.00b,w 0.46±0.00a,y 

4 0.42±0.01b,wx 0.46±0.00a,wx 0.46±0.00a,y 

6 0.43±0.01b,xy 0.46±0.01a,wx 0.46±0.00a,y 

8 0.45±0.01b,yz 0.47±0.01ab,xy 0.49±0.02a,z 

10 0.46±0.02b,z 0.47±0.01b,yz 0.50±0.01a,z 

12 0.46±0.01b,z 0.49±0.00a,z 0.50±0.00a,z 

14 0.46±0.01b,z 0.49±0.00a,z 0.50±0.00a,z 
a-c Means within the same row with different superscripts are significantly different (P<0.05). 
v-z Means within the same column with different superscripts are significantly different (P<0.05). 

   4.1.1.3  TBARS 

     TBARS 

  Table 14   TBARS 

  

 4  TBARS 

 -20  (P<0.05)  TBARS 

  Nylon/PP   

  

  

 

 Table 12  

   

  

 TBARS  
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-20  

  (  , 2548) 

Table 14. Changes in TBARS values of vacuum packed dried soymilk residue during 

   different storage time and temperature 

Storage time TBARS (mg malonaldehyde/kg of sample)

(weeks) 20˚C 4˚C 27˚C

0 3.11±0.97a,w 3.11±0.97a,x 3.11±0.97a,x 

2 3.26±1.02a,wx 4.09±0.16a,y 4.43±0.40a,y 

4 3.47±0.34b,wxy 4.08±0.22a,y 4.48±0.13a,y 

6 3.20±0.14b,wx 4.13±0.09a,y 4.29±0.08a,y 

8 3.95±0.07c,wxyz 4.59±0.09b,yz 4.91±0.22a,yz 

10 4.12±0.14c,xyz 5.07±0.13b,z 5.65±0.46a,z 

12 4.54±0.09b,z 4.79±0.10b,yz 5.31±0.17a,z 

14 4.36±0.08b,yz 4.75±0.27a,yz 5.02±0.05a,yz 
a-c Means within the same row with different superscripts are significantly different (P<0.05). 
w-z Means within the same column with different superscripts are significantly different (P<0.05). 

  4.1.2  

   4.1.2.1  CIE  L* a* b* 

     

 Table 15-17  Hunter Lab  CIE  L* a*  

b*  L*   (lightness)  a*  (redness)  

 (greenness)   b*  (yellowness)  

 (blueness)  

 Nylon/PP  3   -20  4  

(~27±2˚C)  14   

 a*  b*   (P<0.05) 

 L* (P<0.05) 
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 L*  (P<0.05) 

  

  

  

 (  , 2545)  

Table 15. Changes in L* values of vacuum packed dried soymilk residue during different storage        

     time and temperature 

Storage time L* 

(weeks) 20˚C 4˚C 27˚C

0 78.57±0.17a,z 78.57±0.17a,z 78.57±0.17a,z 

2 78.36±0.08a,y 77.68±0.06b,y 77.02±0.12c,y 

4 77.12±0.13a,x 76.78±0.14b,x 76.66±0.05b,x 

6 75.56±0.15b,w 75.97±0.28a,w 74.85±0.09c,w 

8 75.18±0.04a,v 74.76±0.16b,v 74.60±0.06c,v 

10 75.09±0.05a,v 74.58±0.07b,uv  74.59±0.08b,v 

12 74.89±0.05a,u 74.56±0.03b,uv 74.20±0.04c,u 

14 74.47±0.12a,t 74.46±0.09a,u 73.63±0.14b,t 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
t-z Means within the same column with different superscripts are significantly different (P<0.05). 
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Table 16. Changes in a* values of vacuum packed dried soymilk residue during different storage  

     time and temperature 

Storage time a * 

(weeks) 20˚C 4˚C 27˚C

0 5.67±0.07a,w 5.67±0.07a,v 5.67±0.07a,u 

2 5.70±0.07c,w 5.98±0.05b,w 7.22±0.09a,v 

4 6.47±0.12b,x 6.45±0.09b,x 7.74±0.08a,w 

6 6.61±0.17c,x 6.79±0.06b,y 7.73±0.10a,w 

8 6.97±0.24c,y 7.28±0.08b,z 7.75±0.02a,w 

10 7.02±0.12c,yz 7.26±0.05b,z 8.74±0.07a,x 

12 7.20±0.09b,z 7.22±0.06b,z 8.88±0.07a,y 

14 7.14±0.22b,yz 7.18±0.10b,z 9.05±0.04a,z 
a-c Means within the same row with different superscripts are significantly different (P<0.05). 
u-z Means within the same column with different superscripts are significantly different (P<0.05). 

Table 17. Changes in b* values of vacuum packed dried soymilk residue during different storage  

     time and temperature 

Storage time b * 

(weeks) 20˚C 4˚C 27˚C

0 26.30±0.09a,t 26.30±0.09a,s 26.30±0.09a,w 

2 26.35±0.07c,t 26.49±0.06b,t 29.19±0.13a,x 

4 27.58±0.06b,u 27.59±0.07b,u 30.21±0.07a,y 

6 28.24±0.09c,v 28.55±0.09b,v 30.24±0.08a,y 

8 28.84±0.08c,w 29.19±0.08b,w 30.26±0.04a,y 

10 28.94±0.04c,x 29.30±0.04b,x 31.46±0.09a,z 

12 29.03±0.07c,y 29.59±0.12b,y 31.41±0.02a,z 

14 29.55±0.06b,z 29.54±0.08b,z 31.35±0.08a,z 
a-c Means within the same row with different superscripts are significantly different (P<0.05). 
s-z Means within the same column with different superscripts are significantly different (P<0.05). 
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  4.1.3  

     -20  

4   (~27±2˚C)  14  

   

 (9-Point Hedonic Scale) 

  

   4.1.3.1  

      

 

 Table 16  

 a*  

 

 6   

Table 18  

Table 18. Colour liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk residue  

                during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 7.50±0.73a,z 7.50±0.73a,z 7.50±0.73a,z 

2 7.48±0.70a,z 7.45±0.87a,z 7.38±0.91a,yz 

4 7.47±0.97a,z 7.47±1.19a,z 7.32±0.95a,yz 

6 7.30±0.70a,z 7.18±0.85a,z 7.10±1.16a,yz 

8 7.23±0.97a,z 7.05±1.02a,z 7.03±1.03a,yz 

10 7.17±0.87a,z 7.07±0.98a,z 6.87±1.36a,yz 

12 7.10±0.96a,z 7.03±1.03a,z 6.73±1.23a,y 

14 6.33±1.45a,y 6.20±1.71a,y 6.13±1.48a,x 
a Means within the same row with different superscripts are significantly different (P<0.05). 
x-z Means within the same column with different superscripts are significantly different (P<0.05). 
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   4.1.3.2  

      

  (P<0.05) 

 TBARS (Table 14) 

 

 Table 19 

Table 19. Odour liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk residue  

                 during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 6.50±1.14a,z 6.50±1.14a,z 6.50±1.14a,z 

2 6.50±1.20a,z 6.23±1.55a,z 6.23±1.36a,z 

4 6.43±1.72a,z 6.22±1.72a,z 6.17±1.56a,z 

6 6.20±1.45a,z 6.18±1.59a,z 6.22±1.32a,z 

8 6.23±1.17a,z 6.13±1.46a,z 6.07±1.39a,z 

10 6.13±1.14a,z 6.00±1.26a,z 5.10±1.54b,y 

12 6.07±1.55a,z 5.78±1.55a,z 4.67±1.60b,y 

14 5.20±1.67a,y 4.63±1.99a,y 4.37±2.14a,y 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
y-z Means within the same column with different superscripts are significantly different (P<0.05). 

   4.1.3.3  

      

 14   -20  4  (~27±2˚C)    

 (P<0.05)  Table 20 

  8  

 (P≥0.05) 
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Table 20. Overall liking scores (9-Point Hedonic Scale) of vacuum packed dried soymilk residue  

                 during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 7.03±0.76a,z 7.03±0.76a,z 7.03±0.76a,z 

2 7.00±1.02a,z 6.73±1.34a,yz 6.57±1.25a,z 

4 6.67±1.52a,yz 6.53±1.66a,yz 6.50±1.43a,z 

6 6.72±0.93a,yz 6.45±1.23a,yz 6.38±1.27a,z 

8 6.48±1.07a,yz 6.45±1.40a,yz 6.35±1.04a,z 

10 6.33±1.24a,yz 6.32±1.12a,yz 5.57±1.43b,y 

12 6.17±1.39a,xy 6.05±1.15a,y 5.13±1.57b,y 

14 5.60±1.59a,x 5.17±1.68a,x 4.87±2.01a,y 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
x-z Means within the same column with different superscripts are significantly different (P<0.05). 

 4.2   

 

 

Nylon/PP  -20  4   (~27±2˚C)  

0-14     

 

  4.2.1  

   4.2.1.1  CIE  L* a* b* 

     125   20       

  

 L* 
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 L*  (Table 21)  a* (Table 22)  b* 

(Table 23)  (P≥0.05)  

Table 21. Changes in  L* values of coarse ground pork sausages made from vacuum packed dried 

                 soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 63.15±0.25a,z 63.15±0.25a,z 63.15±0.25a,z 

2 60.73±0.15a,y 60.16±0.85a,y 59.89±1.66a,y 

4 60.31±0.82a,y 59.91±0.74a,xy 59.75±0.52a,y 

6 59.86±0.64a,xy 59.57±0.72a,xy 59.29±0.79a,y 

8 58.60±0.60a,x 58.05±1.09a,wx 58.16±0.59a,x 

10 57.12 ±0.81a,w 56.95±0.23a,vw 55.37±3.22a,w 

12 55.50±0.98a,v 55.26±0.11a,v 54.53±2.43a,w 

14 51.69±1.17a,u 51.25±1.02a,u 50.79±0.13a,v 
a Means within the same row with different superscripts are significantly different (P<0.05). 
u-z Means within the same column with different superscripts are significantly different (P<0.05). 
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Table 22. Changes in a* values of coarse ground pork sausages made from vacuum packed dried    

                 soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 1.65±0.30a,z 1.65±0.30a,z 1.65±0.30a,z 

2 1.62±0.27a,z 1.66±0.27a,z 1.64±0.28a,z 

4 1.67±0.19a,z 1.67±0.26a,z 1.68±0.18a,z 

6 1.63±0.23a,z 1.66±0.04a,z 1.66±0.01a,z 

8 1.61±0.17a,z 1.66±0.19a,z 1.65±0.40a,z 

10 1.65±0.14a,z 1.71±0.13a,z 1.64±0.05a,z 

12 1.63±0.10a,z 1.61±0.17a,z 1.62±0.14a,z 

14 1.58±0.25a,z 1.59±0.11a,z 1.57±0.17a,z 
a Means within the same row with different superscripts are significantly different (P<0.05). 
z Means within the same column with different superscripts are significantly different (P<0.05). 

Table 23. Changes in  b*  values of coarse ground pork sausages made from vacuum packed dried 

                 soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 16.14±0.42a,z 16.14±0.42a,z 16.14±0.42a,z 

2 16.14±0.39a,z 16.17±0.05a,z 16.33±0.28a,z 

4 16.17±0.36a,z 16.20±0.13a,z 16.34±0.59a,z 

6 16.20±0.52a,z 16.20±0.21a,z 16.38±0.26a,z 

8 16.27±0.10a,z 16.33±0.59a,z 16.38±0.35a,z 

10 16.29±0.13a,z 16.39±0.29a,z 16.41±0.37a,z 

12 16.38±0.50a,z 16.43±0.23a,z 16.48±0.07a,z 

14 16.50±0.23a,z 16.44±0.48a,z 16.50±0.22a,z 
a Means within the same row with different superscripts are significantly different (P<0.05). 
z Means within the same column with different superscripts are significantly different (P<0.05). 
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  4.2.2  

 -20  

4    0-14  

 10  

    

 (9-Point Hedonic Scale) 

  

 

   4.2.2.1  

      

  

 (P≥0.05)       

 Table 24 

Table 24. Appearance liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made   

                from vacuum packed dried soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 7.05±1.10a,z 7.50±1.10a,z 7.05±1.10a,z 

2 7.03±1.79a,z 7.05±1.28a,z 6.90±1.18a,z 

4 7.00±1.44a,z 6.97±1.70a,z 6.87±1.20a,z 

6 6.80±0.85a,z 7.00±1.64a,z 7.03±1.45a,z 

8 7.03±1.56a,z 6.87±1.11a,z 7.00±1.20a,z 

10 6.97±1.40a,z 6.85±0.80a,z 7.00±1.53a,z 

12 6.97±1.65a,z 6.90±1.24a,z 7.03±1.45a,z 

14 6.90±1.03a,z 6.80±1.10a,z 6.97±1.30a,z 
a Means within the same row with different superscripts are significantly different (P<0.05). 
z Means within the same column with different superscripts are significantly different (P<0.05). 
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   4.2.2.2  

       -20 

  4   

 (P≥0.05) 

  

 8   (P<0.05) (Table 25) 

 Table 18 

 8    

 

   4.2.2.3  

       -20   

4   

 (P≥0.05) 

 

 8   (P<0.05) (Table 25) 

 (Table 26) 

   4.2.2.4  

      

 (P≥0.05)  Table 27 
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Table 25. Colour liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made from  

                vacuum packed dried soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 6.83±1.46a,z 6.83±1.46a,z 6.83±1.46a,z 

2 6.80±1.10a,z 6.80±1.40a,z 6.73±1.36a,z 

4 6.79±1.11a,z 6.73±1.55a,z 6.57±1.19a,yz 

6 6.75±1.08a,z 6.73±1.39a,z 6.55±1.06a,yz  

8 6.67±1.49a,z 6.60±1.52a,z 6.53±1.17a,yz 

10 6.57±1.48a,z 6.50±0.90a,z 5.97±1.67a,y 

12 6.55±1.21a,z 6.35±0.98a,z 5.95±1.21a,y 

14 6.50±0.94a,z 6.17±1.02ab,z 5.97±0.96b,y 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
y-z Means within the same column with different superscripts are significantly different (P<0.05). 

Table 26. Odour liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made from              

                 vacuum packed dried soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 6.97±1.40a,z 6.97±1.40a,z 6.97±1.40a,z 

2 6.90±1.32a,z 6.90±1.18a,z 6.90±1.30a,z 

4 6.87±1.41a,z 6.83±0.99a,z 6.70±1.17a,z 

6 6.85±0.80a,z 6.75±1.17a,z 6.63±1.59a,z 

8 6.73±1.48a,z 6.63±1.40a,z 6.47±1.57a,z 

10 6.57±1.61a,z 6.57±1.10a,z 5.43±1.38b,y 

12 6.55±0.93a,z 6.53±1.66a,z 5.38±1.34b,y 

14 6.50±1.41a,z 6.30±1.06a,z 5.27±1.64b,y 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
y-z Means within the same column with different superscripts are significantly different (P<0.05). 
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Table 27. Texture liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made 

                 from vacuum packed dried soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 6.98±1.30a,z 6.98±1.30a,z 6.98±1.30a,z 

2 7.05±1.10a,z 6.80±1.30a,z 6.60±0.56a,yz 

4 6.50±1.33a,yz 6.45±1.05a,z 6.30±0.92a,yz 

6 6.38±1.55a,yz 6.22±1.17a,z 6.18±1.02a,y 

8 6.40±1.63a,yz 6.30±1.42a,z 6.73±1.53a,yz 

10 6.77±1.25a,yz 6.73±1.44a,z 6.47±1.59a,yz 

12 6.43±1.65a,yz 6.30±1.42a,z 6.80±1.45a,yz 

14 6.00±1.60a,y 6.33±1.24a,z 6.30±1.39a,yz 
a Means within the same row with different superscripts are significantly different (P<0.05). 
y-z Means within the same column with different superscripts are significantly different (P<0.05). 
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Table 28. Overall liking scores (9-Point Hedonic Scale) of coarse ground pork sausages made from   

                 vacuum packed dried soymilk residue during different storage time and temperature 

Storage time Storage temperature

(weeks) 20˚C 4˚C 27˚C

0 6.90±1.03a,z 6.90±1.03a,z 6.90±1.16a,z 

2 6.90±0.99a,z 6.80±1.21a,z 6.78±0.58a,z 

4 6.77±1.57a,z 6.80±1.03a,z 6.73±1.17a,z 

6 6.70±1.44a,z 6.63±1.35a,z 6.69±1.69a,z 

8 6.67±1.63a,z 6.60±0.97a,z 6.53±1.14a,z 

10 6.60±1.43a,z 6.50±0.78a,z 5.57±1.36b,y 

12 6.50±1.47a,z 6.40±0.89a,z 5.28±1.68b,y 

14 6.50±1.41a,z 6.28±1.11a,z 5.15±1.83b,y 
a-b Means within the same row with different superscripts are significantly different (P<0.05). 
y-z Means within the same column with different superscripts are significantly different (P<0.05). 
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  0.90-0.95 (Papadima and Bloukas, 1999)  aw 

 Chujedton (2000) 

  25  

 

  

 7.82   (55 )  

 

 

Table 29. Proximate composition (% wet basis) and pH, aw of coarse ground pork sausages with   

                 or without soymilk residue 

Treatments Mean±SD

 Moisture Protein Fat Ash Fiber pH aw

Control 53.90±0.76b 13.28±0.17a 23.47±0.84a 1.60±0.00a 11.94±0.00b 5.93±0.00a 0.96±0.00b

With SMR 59.37±0.65a 13.92±0.19a 17.62±0.17b 1.93±0.16a 14.22±0.00a 5.95±0.00a 0.97±0.00a

a-b Means within the same column with different superscripts are significantly different (P<0.05). 

SMR = Soymilk Residue 
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Table 30. Changes in L* a* b* values of vacuum packed coarse ground pork sausage made from  

               new produce of soymilk residue and soymilk residue 8 week during storage at 4 ˚C 

Storage 

Time New produced soymilk residue 
 

Soymilk residue after 8 weeks storage 

(days) L* a* b*  L* a* b* 

0 55.98±0.02a 2.17±0.04e 13.95±0.09e 54.68±0.03a 2.38±0.03e 11.68±0.04f 

3 54.32±0.41b 2.63±0.02d 14.76±0.04d 53.60±0.04b 2.42±0.04e 11.90±0.13e 

6 53.45±0.15c 3.21±0.06c 14.82±0.07c 52.89±0.05c 3.04±0.03d 16.51±0.04d

9 53.45±0.01c 3.44±0.02b 14.87±0.18c 51.08±0.40d 3.16±0.03c 16.96±0.10c 

12 52.43±0.25d 3.48±0.01b 16.11±0.02b 44.68±1.15e 3.30±0.02b 17.52±0.05b

15 47.27±0.05e 3.61±0.12a 16.87±0.01a 44.53±0.04e 3.40±0.04a 17.72±0.03a 

a-f Means within the same column with different superscripts are significantly different (P<0.05). 

 3   TBARS  2  
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 Ruban  (2009)  4 
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Figure 1. Changes in TBARS values of vacuum packed coarse ground pork sausage made from  

              new produce of soymilk residue and soymilk residue 8 week during storage at 4 ˚C 

  SMR1 =  New produced  soymilk residue 

  SMR2 = Soymilk residue after 8 weeks storage 
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Table 31. Changes in total viable plate count, yeast and mold, lactic acid bacteria of vacuum packed   

                  coarse ground pork sausages made from new produce of soymilk residue during storage at  4˚C 

Storage time TVC Yeast and Mold Lactic acid bacteria 

(days) (CFU/g sample) (CFU/g sample) (CFU/g sample) 

0 2.5x103±0.12b <10 <10 

3 4.1x103±0.01a <10 <10 

6 4.8x103±0.02a <10 <10 

9 5.0x103±0.12a <10 <10 

12 5.7x103±0.03a <10 <10 

15 6.3x103±0.07a <10 <10 

a-b Means within the same column with different superscripts are significantly different (P<0.05). 

Table 32. Changes in total plate viable count, yeast and mold, lactic acid bacteria of vacuum   

                 packed coarse ground pork sausages made from soymilk residue storage time 8 week 

Storage time TVC Yeast and Mold Lactic acid bacteria 

(days) (CFU/g sample) (CFU/g sample) (CFU/g sample) 

0 4.8x103±0.03b <10 <10 

3 6.6x103±0.13b <10 <10 

6 6.8x103±0.11b 10 <10 

9 7.0x103±0.18b 30 10 

12 6.5x104±0.05a 85 4.7x103 

15 7.4x104±0.05a 4.3x102 2.4x104 

a-b Means within the same column with different superscripts are significantly different (P<0.05). 
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 (P≥0.05) 

 54 

 38 

 8   15  (  15 

  60 )  Table 36 

Table  33. Demographic of consumers sample in Hat Yai. 

       Demographic (%) 

                 Gender  

Male 28 

Female 72 

Age  

15-20 years old 28 

21-30 years old 30 

31-40 years old 22 

41-50 years old 15 

51-60 years old 5 

Occupation  

Student 34 

Government officer 13 

Housewife 15 

Employee/officer 21 

Seller/Private business 12 

Others, please specify 5 
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Table 33. Demographic of consumers sample in Hat Yai. (Cont.) 

Demographic (%) 

                 Education  

Lower than high school 3 

High school/Equivalent 34 

Bachelor s degree 53 

bachelor s degree and higher 10 

Income  

<5,000 bahts 8 

5,000-7,500 bahts 38 

7,501-10,000 bahts 26 

10,000-12,500 bahts 16 

>12,500 bahts 12 

Table  34.  Consumption and purchasing behavior of consumer on sausage 

Question (%) 

Have you ever eaten sausage?  

                           Yes. 79 

                           No. 21 

How often do you consume the product?  

                           Once a week 31 

<once a week 24 

>once a week 45 

Where do you buy the sausage?  

Department store 28 

Fresh market 27 

Convenient store 72 

Shopkeeper 64 

Others, please specify - 
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Table  34.  Consumption and purchasing behavior of consumer on sausage(Cont.) 

Question (%) 

Quantity of buying sausage in each time?  

                           Serving size 83 

Half a kilogram 17 

> Half a kilogram - 

Table 35. Product acceptance data from 100 consumers by 7-Point Hedonic Scale 

Attributes Liking scores 

Appearance 5.15±1.25 

Texture 4.98±1.28 

Colour 4.60±1.28 

Flavor 5.20±1.17 

Overall liking 5.63±1.00 

Table 36. Consumer acceptance of coarse ground pork sausages 

Questions (%) 

Would you buy the coarse ground pork sausages product? 

Definitely would buy 54 

May be buy 38 

Definitely would not buy 8 

Would you buy the coarse ground pork sausages product at the price of 15 bahts/60 grams? 

   Yes 67 

   No 33 

8.  
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      1  

 1   

Table 37 

Table 37. Cost calculation of coarse ground pork sausages 

          Component Bahts/kg Weight Cost 

  g/kg bahts/kg 

Ground pork meat 120 650 78 

Ground pork back fat 40 200 8 

Soymilk residue 4.80 100 0.48 

Sugar 24 15 0.36 

Salt 12 18 0.2 

Black paper 150 2.5 0.37 

Garlic 25 12 0.3 

Monosodium glutamate 83 2.5 0.21 

Collagen casing 10.7 Baht/m 2.4 (m) 25.68 

Total  1,000 113.36 

 113.36   
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2.  (A.O.A.C., 2000) 
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6.  TBARS (Thiobarbituric acid reactivie substance) (Buege and Aust, 1978) 
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2.   Hunter Lab 
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Appendix figure 1. soymilk residue original sizes 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix figure 2.  soymilk residue with a sizes grander than 20 mesh 
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  Appendix figure 3. soymilk residue with a sizes ranged from 20 mesh to 40 mesh 

 

 

 

 

 

 

 

 

 

 

 

 

  

Appendix figure 4.  soymilk residue with a sizes smaller than 40 mesh 
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             Appendix figure 5.  boiled soymilk residue with a sizes smaller than 40 mesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix figure 6. Raw coarse ground pork sausage  
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Appendix figure 7.  Coarse ground pork sausage in vacuum packed  

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix figure 8. Coarse ground pork sausage after cook at 125 ° C
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