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51403301 : MAJOR : FOOD TECHNOLOGY 

KEY WORD :  DRINK/SEDIMENTATION/GUM/GINGER 

 KANHA  OUIPHAK : REDUCTION OF SEDIMENTATION IN GINGER DRINK IN 

GLASS BOTTLE. INDEPENDENT STUDY ADVISOR :  ASST.PROF.PARINDA  PENROJ,Ph.D..  

82 pp. 

 

    The purpose of this study to reduce with sediment in ginger drink in glass bottle. 

Total soluble solids of the drink was 10 0Brix, pH 4.2. Type and gums concentration in 

ginger drink was were studied. Gums studied included CMC 0.1 - 0.3 %, pectin 0.1 - 0.3 %, 

xanthan gum 0.001 - 0.01 % and gellan gum 0.01 - 0.1 % for acceptable viscosity and 

decreases sediment. The group of xanthan gum and pectin reduction of high sediment by 

consumer acceptance non significant (p < 0.05) as compare to the control sample and 

significant (p > 0.05) as compare to the group of CMC and gellan gum. Xanthan gum 

and pectin - based drink were more than turbidity of CMC, gellan gum and control 

sample. Effect of gums on quality of the ginger drink during 7 weeks of storage. Gums 

had good potential on reduction of sediment in ginger drink such as xanthan gum 0.01 

% and pectin 0.3 % respectively. The viscosity, turbidity and color value of ginger drink 

were trend in decreased during storage, sediment weight value was trend increased. 

The beverage stored at could be kept for at 7 weeks sensory acceptability and without 

microbial growth. The beverage stored at could be kept for at 12 months. The viscosity, 

turbidity and color value of ginger drink were decreased during storage, sediment 

weight value was increased. Sensory acceptability and without microbial growth. 
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1.4.  

1.4.1   CMC     

  

1.4.2  

 7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

  

 

 2 

 

 

2.1  (Ginger) 

 : Zingiber officinale Roscoe  : Ginger 

        Zingiber 

 "Zingiberis"   "Singabera" Singa 

 ( , 2546) 

 : ,  ( ),  ( ),  ( ), , 

, , ,  ( ),  ( )  :  : Ginger, 

 : Jahé, Aliah,  : Shoga, Jinja,  : Kon-gang, Jinjeo 

( , 2552) 

 

 “ ”   

 (  1)   

 90    

    

    

  ( , 2552) 

 

                       
 

         1  

         : http://www.bloggang.com 
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 1 

   

  

 1547  ( , 2546) 

   

  ,  , , 

, ,   , , 

, , , , ,  

   

, ,  

 ( )   

 (morning sickness)  

(Ali , 2007)  2,000  

 

      

  

    ( , 2546) 

 

  

 2        

 (  2)     

       

    

      

      

    ( , 2546) 
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 (Ali , 2007) 

      

    

     

      

    

       

   (Ginger Beer)  (Ginger Ale) 

       

  

   "soft drink" 

  ( , 2546) 

 

                      

 2  

       : http://www.bloggang.com 

 

 (Reported Activities) 

    

   

     

 

 ( , 2546) 
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 [6]-gingerol   

  , , , , ,    soy 

bean lipoxygenase  oxidation  linoleic  (EV.EXT.77)  

Zingiber officinale  Alpina galanga   cytokines, 

chemokines,  enzyme cyclooxygenase-2   

antimicrobial, antifungal  antiviral  antioxidative, antitumorigenic, 

anticarcinogenic, antilipidemic, cardiotonic, cytotoxic and apoptotic activities 

 immunomodulatory (Ali , 2007) 

 

 

  50 %,   triglycerides 6 – 8 %, 

, ,    9 % 

 bioactive   volatile oils ( )   

non-volatile pungent  volatile oils  sesquiterpenes, curcumene, geranyl 

acetate, terpineol, terpenes, geraniol, alpha pinene, limonene, linalool, zingiberene, 

beta-besabolene, and alpha-farnesen 

pungent    gingerol, shogaol, zingerone  paradol  [6]-Gingerol 

and [6]-Shogaol  active 

  aroma ( )  zingiberol    gingediol, vitamins, 

diarylheptanoids, monoacyldigalactosyl-glycerol  phytosterols  dentifie 

 (Ali , 2007) 

  

  100   1  

-  
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 1  (  100 ) 

   

 (kcal) 12.0 25.0 

 (g) 96.5 93.5 

 (g) 1.9 4.4 

 (g) 0.5 0.4 

 (g) 0.3 0.6 

 (g)  0.6 0.8 

 (mg) 34.0 18.0 

 B1 (mg)  0.02 0.02 

 B2 (mg) 0.05 0.02 

 (mg) 0.1 1.0 

 (mg) 11.0 1.0 

 :   (2550) 

 

   72.5 % 

 2 : 1 % (Food composition database, 2008) 

 26.5 %  50 % (Peroni , 2006) 

   100  

 25.5  23.5  79 

 (Shirin  Jamuna, 2010)  

 

2.2  (pectin) 

  breakdown  Protopectin   

neutral sugars   rhamnose, galactose, arabinose   

  heterpolysaccharide  

D-galacturonic acid (  65 % )  smooth regions 

 (hair regions)  arabinose, galactose, rhamnose 
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 (-COOH)  D-galacturonic acid  (-CH3) 

 degree of methylation (DM)   

  3 

 (Hypothetical structure)  apple pectin  Schols  (1998)  

 
 

 3  Hypothetical structure of apple pectin showing I xylogalacturona, II region with 

arabinan side chain,III rhamnogalacturonan region making up the “hairy region”  

 : Schols , (1998)  

 

 DM  methylated galacturonic acid  galacturonic acid 

   DM  2 

  Low methoxyl (LM)  DM  50 %  High methoxyl (HM) 

 DM  50 % (  4  HM  DM 

 75 %  de-esterification  LM)  

LM  HM  
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   60 °C 

   

   1   5   

 
 4  

 : http://www.genialab.de/inventory/pectinate.htm 

 

     65 % 

   1  

 (Rolin  De Vries, 1990)  

 

 

  LM  Ca2+ 

 10 - 80 %  pH  2.9 - 5.5  thermoreverible 

 HM 

 (  5) 
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 5  LM 

 : http://www.genialab.de/inventory/pectinate.htm  

 

   HM  pH 2.7 - 4.5 

 55 %   3  gelling time  

 (slow set)  (medium set)  (rapid set)  

DM   DM  60 %  DM 

 75 %  

 HM   HM 

   

   

   HM 

 premature gelation  

 ( , 2551)  

   

 -    

 (Newtonian)  1% 

 Pseudoplasticsolution (Kawakatsu, 2001)  
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 2.5 - 5.5 

 Thixotropic solution  +1 

  

  

 intrinsic viscosity   

 

    

(Berth , 1982; Michel , 1982)  

  Jam, Jelly, Bakery filling, fruit topping,  

   LM  

  HM 

 

  HM 

  bakery  jam  tart 

  

 

2.3  

  1992  

  

Pseudomonas elodea  Sphingomonas elodea  3  

  -D-glocose, -D-glucuronic  -L-rhamnose  2 : 1 : 1  

 2    
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 (Liang , 2006) 

 

2.4  (CMC)  

 

  

   CMC 

  CMC 

   

  CMC  

 

  CMC  

   

 CMC     CMC 

   0.1 - 0.4 

 CMC   (Zecher  Van Coillie, 1992) 

 

2.5  

    

Xanthomonas compestris   

 2.8 : 3 : 2  4.7 %  3 % 

 -1,4 

1,2  1,3  -1,2  6

 

    

    pH 1 

 13 
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 (thixothropic)  

    NaCl 0.1 % 

  

  

   

  

 (rigid rod - like) 

   

     

 shear – thinning   

 ( , 2551)  

 
 6  

   : Phillips  Williams (2002) 

 

 gelling agent 

 (thermo reversible gel)   
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 (Imeson, 1997) 

    

 

 0.001 - 0.5   

 

     0.025 - 0.170 

  

 0.02 - 0.06  CMC  0.02 - 0.14 

  CMC  (Pettitt, 1982) 

2.6  

  

 (Oppenheimer, 1971)    

  albedo, rag  

   

   

(Padival , 1980 ; Klavons  Bennett, 1985)  

   

 Crandall  (1983)   

     

(chromatophores)  (hesperidin crystals) 

  0.5 - 10.0  

 0.48  

 25  34  32   

 albedo, rag  pulp  2  

   Mizrahi  Berk (1970) 

  2  

  hesperidin, 

chromoplastides, amorphous (rag) paticles  
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hesperidin  

 

Mirhosseini  (2002)   CMC 

  

 (Cloudiness) 

 

 CMC 

 Mirhosseini  (2008)  CMC 

   1.5, 3 

 4.5  CMC  0.1, 0.3  0.5   ESI (Emulsion stability 

index)   CMC 

 1.5 (w/w)  7 

 CMC   

 ,

  

  0.3 (W/W) 

 CMC  0.5 (W/W) 

 (Akhtar , 2002 )  CMC  

  CMC 

 CMC  

 (Kika , 2007) 
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  7      

 CMC   

 : Mirhosseini  (2008) 

 

 0, 60, 

120  180   1.48, 1.3, 1.2  1.18   

 CMC  0.1, 0.3  0.5   1.35 – 1.4 

  

  3  4.5 

  1.5 (w/w)  CMC  0.1 (w/w) 

   8  4.5 (w/w) 

  CMC  0.1 (w/w) 
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  8   

 CMC   

 : Mirhosseini  (2008) 

 

 CMC 

  

  flocculation , Coalescence  

Aggregation   

 

  

(Dluzewska , 2006)  CMC  

 CMC  0.4 – 0.5  

(Genovese  Lozano, 2001)  CMC  0.05 % 

 

Genovese  Lozano (2001) 

 (cloudy)   10  

   CMC  0.4 - 0.5 (w/w)  1.5  
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  20   z-potential 

 9  (ST% : stable turbidity) 

 

 0.4  CMC  0.3  

  CMC 

 

 

 
 

 9  (ST%)  (CMC = carboxymethycellulose , 

XG = xanthan gum) 

 : Genovese  Lozano (2001) 

 

 z-potential  10  z – potential  CMC 

  CMC  z – potential 

  

 z – potential   
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 10 z-potential ( )   

  (CMC =  carboxymethycellulose , XG = xanthan gum) 

 : Genovese  Lozano (2001) 

 

 ST%  z-potential  11 

 

 CMC  0.4 - 0.5  

 CMC  CMC 

   CMC 

  CMC 

  

, z-potential  
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 11  (ST%)  z-potential ( )  

  (CMC = carboxymethycellulose , XG = xanthan gum) 

 : Genovese  Lozano (2001) 
 

 Liang  (2006) 

   

  12 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 12  

  : Liang  (2006) 

 

    0.02 ,  0.2 ,  

0.015  0.1 ,  0.2   CMC 0.3  

 Digital Photoelectrical Turbidimeter   

  CMC   

   13 

 10   60    

 

 (40 ,pH 4.0) 

 (8 , pH 4.0 ) 

 (85±1 oC) 

 

 (colloidal milling) 

 (30 ± 1 MPa) 

 (T = 100 oC, 15s) 
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 13  ;  

  1 = control, 2 =  (0.2), 3 =  (0.2), 4 = CMC (0.3),  

  5 =  (0.015/0.1)  (0.02) 

 : Liang  (2006) 

 

 (0.02)   10  60 

  

  14 

   

   

  

 CMC  

  10   60  

  CMC  
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 14  ;  

  1 = control, 2 =  (0.2), 3 =  (0.2), 4 = CMC (0.3),  

  5 =  (0.015/0.1)  (0.02) 

 : Liang  (2006) 

 

  

 (Ibrahim , 2009) 

   

 

 Anonymous (1981)  

(Ticaloid 550)  

  

 Padival  (1980) 

 

   (squash)  (crush)  (syrup) 

 40 - 60   
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 3 

 

 

3.1  

3.1.1   10    

3.1.2   

3.1.3  

 3.1.4   High methoxyl  DM 70 % (Pectin Instant CJ 204  

Herbs treith & Fox Co.Ltd.) 

3.1.5 CMC (MACOGEN F 1,500  Adinop Limited) 

3.1.6  (KELCOGEL  CP KELCO U.S.,Inc.) 

3.1.7  (  CP KELCO U.S.,Inc.) 

3.1.8 Freshening Stabilizer (   HJ. ) 

3.2  

3.2.1   (Model K6. MU HUA MACHINERY Co.,Ltd. Taiwan) 

3.2.2  (High speed grinding : Model FP-05 .Yungsoon LIH Ltd.Taiwan)  

3.2.3  (Homogenizer : Model T25basic. BEC THAI.) 

3.2.4  150 mesh 

3.2.5  

3.2.6  4  (Mettler Toledo (Thailand) Ltd. : Model 

RW00-2221-078) 

3.2.7  (Extraction Unit B-811: Buchi) 
3.2.8  (Auto Disteam, Pbi international) 
3.2.9  (Carbolite, S302RR, England) 

3.2.10  (hand refractometer) 

3.2.11  (Color-viewTM Spectrophotometer) 

3. 2.12  pH (pH meter :HANA Model HI9023) 

3. 2.13   Total Plate Count 

3. 2.14  (Turbidimeter : Model 2100 AN “HACH”) 
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3. 2.15  (Brookfield viscometer : Model DV-II) 

3. 2.16  1 (Whatman Schieicher & Schuell) 

3.4  

   

3.4.1  

   1 : 3 

 150 mesh    1 

   (AOAC, 1999)  

(AOAC, 1999)   (AOAC, 1999) 

3.4.2   

  1 : 3 

 150 mesh  

  (  2)     

 7,  3,  40 

 10   Freshening Stabilizer  4.2 

 70   CMC  0.1, 0.2  0.3  

 (Homogenizer)  24,000 /   1  

 100  1   

  15    15 

  1, 3, 5  7  

 0.1, 0.2, 0.3  0.001, 0.005, 0.01  0.01, 0.05  

0.1   CMC  (control)  

   15 

 3    
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3.4.2.1   

  9- point hedonic scale  

 3  

    ( )   1 - 9  

9 =   4 =  

8 =    3 =  

7 =   2 =  

6 =   1 =  

5 =   

 

3.4.2.2   (Brookfield) 

 1  180 /   10   500   

 

3.4.2.3   (Turbidimeter) 

 30 ml.   

   

3.4.2.4  pH  pH meter  27  

 

 

 

 

 

 

 

 

 

 

 

 



27 

  

 
 

 

 

 

 

             

 

                  

 

 

         

  

 

               

                                                   

 

  

 

 

 

 

 

 

 

 

 

 15  

 :   (2541)  

 ( ) 

          

:  (1:3) 

                     

            150 mesh (pH 5.8) 

 +  70  oC  

 24,000 1/min 1  

 100  oC 1  

 (93 oC) 

 15  

 

(  10 , pH 4.2 ) 
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 2   

                

 

 

( ) 

 

 ( ) 

 

  
 

 

 

 
 

CMC 0.1 40 49.9 7 3 100 

 0.2 40 49.8 7 3 100 

 0.3 40 49.7 7 3 100 

 0.1 40 49.9 7 3 100 

 0.2 40 49.8 7 3 100 

 0.3 40 49.7 7 3 100 

 0.001 40 49.999 7 3 100 

 0.005 40 49.995 7 3 100 

 0.01 40 49.99 7 3 100 

 0.01 40 49.99 7 3 100 

 0.05 40 49.95 7 3 100 

 0.1 40 49.9 7 3 100 

 - 40 50 7 3 100 

 

3.4.3    

  

 ( )  3.4.2 

  1, 3, 5  7  

 3    
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3.4.3.1   (Brookfield) 

 1  180 /   10   500   

 

3.4.3.2   (Turbidimeter) 

 30 ml.   

  

3.4.3.3   

  1   

3.4.3.4  pH  pH meter  27  

3.4.3.5   (color view) 

3.4.3.6   

     

  9 - point hedonic scale  

 3  

    ( )  

   

-    

-    

-    

-    

-    

-    

 1 - 9  

9 =   4 =  

8 =    3 =  

7 =   2 =  

6 =   1 =  

5 =   
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3.4.3.7 , , ,   .   

 144 . . 2535 (AOAC, 1990)  

 

3.4.4  

  

 12   3.4.3 

 

3.4.5   

 Completely Randomized 

Design (CRD)  (Analysis of Variance) 

  Duncan’ s multiple range test 

  (randomized 

Complete block design)  (Analysis of Variance) 

  Duncan’ s multiple range test   SPSS 

version 11.5 
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 4 

 

 

4.1  
 

  

 96.64 %  1.70 %  0.17 %  0.63 %  1.86 % (  3) 

   

 

 150 mesh   

   

 

 3  (Dry basis) 
 

  (%) 

 96.64 ± 0.06 

 1.70 ± 0.06 

 0.17 ± 0.03 

 0.63 ± 0.06 

 1.86 ± 0.06 

 

4.2   

 CMC  0.1 - 0.3  

 0.1 - 0.3  0.001-0.01  0.01 - 0.1 

 

 3   1 - 9   1  

   9    

 ( ) 

 0.1 - 0.3  0.001 - 0.01 CMC  0.1 
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 (p > 0.05)  

   4 
 

 4    

      

 
 

( ) 

  

( ) 

  

(cP) 

  

(NTU) 
pH 

CMC 0.1 8.00 ± 0.00cd 26.57 ± 0.12
h
 339.00 ± 1.00

b
 4.15 ± 0.01  

 0.2 2.67 ± 0.58b 39.47 ± 0.12
j
 538.33 ± 3.06

c
 4.15 ± 0.01  

 0.3 2.33 ± 0.58b 52.40 ± 0.12
l
 827.67 ± 3.06

e
 4.18 ± 0.01  

 0.1 8.33 ± 0.58d 21.42 ± 0.11
c
 1483.00 ± 3.61

i
 4.20 ± 0.01  

 0.2 8.33 ± 0.58d 22.14 ± 0.07
d
 1595.33 ± 2.08

j
 4.19 ± 0.01  

 0.3 8.00 ± 0.00cd 24.43 ± 0.15
f
 1983.33 ± 1.15

l
 4.17 ± 0.01  

 0.001 8.33 ± 0.58d 20.47 ± 0.15
b
 1334.67 ± 3.51

h
 4.18 ± 0.01  

 0.005 8.33 ± 0.58d 23.47 ± 0.15
e
 1695.00 ± 2.00

k
 4.19 ± 0.00  

 0.01 8.67 ± 0.58d 26.25 ± 0.15
g
 2261.67 ± 3.06

m
  4.20 ± 0.01  

 0.01 7.33 ± 0.58c 34.20 ± 0.20
i
 1073.00 ± 2.00

g
 4.15 ± 0.01  

 0.05 1.00 ± 0.00a 41.60 ± 0.45
k
 786.33 ± 3.06

d
 4.16 ± 0.01  

 0.1 1.00 ± 0.00a 57.23 ± 0.15
m
 896.00 ± 3.00

f
 4.16 ± 0.01  

 - 8.67 ± 0.58d 17.30 ± 0.10
a
 177.67 ± 3.06

a
  4.20 ± 0.01  

  95 % 

 

 CMC  

   

 

  

  

 CMC  0.1 
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  CMC  0.2  0.3 

 (p < 0.05)  

  CMC    CMC 

  

(CMC-Protein)   (Whistler  Daniel, 1990) 

 

 (Pangborn , 1978)  

 0.01, 0.05  0.1 

 (p < 0.05)   

  

   (specific configuration) 

   

 (Szczesniak, 1986) 

 0.1, 0.2  0.3 

 (p > 0.05)  

   

  

 (p > 0.05)  

    CMC 

 

  

0.001 - 0.01  0.1 - 0.3 
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 16  CMC  0.1, 0.2, 0.3  0.1, 0.2, 0.3  

   0.001, 0.005, 0.01  0.01, 0.05, 0.1  

  1  

 

4.3    

  

 7   

 (  5)  0.1, 

0.2  0.3   

  

 (p < 0.05)  0.001 

  0.01 

  

 CMC 0.1% CMC 0.2 % CMC 0.3 % Pectin 0.3 % Pectin 0.2 % Pectin 0.3 % 

Xanthan 0.001%  Xanthan 0.01%  Xanthan 0.005% 
 Gellan 0.01 %  Gellan 0.05 %    Gellan 0.1 % 
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  (p < 0.05) 

  

  

 

(Liang , 2006)  

 

  

 

  

 5   

   7  

 
 

( ) 

 (cP) 

 1  3  5  7 

 0.1 21.42 ± 0.11
cD

 20.83 ± 0.06
bcC

 19.80 ± 0.10
bcB

 18.43 ± 0.15
cA

 

 0.2 22.14 ± 0.07
dD

 21.17 ± 0.06
bcC

 20.27 ± 0.15
bcdB

 19.83 ± 0.06
dA

 

 0.3 24.43 ± 0.15
fD

 23.70 ± 0.10
deC

 21.37 ± 0.15
dB

 20.87 ± 0.15
fA

 

 0.001 20.47 ± 0.15
bD

 19.77 ± 0.06
bC

 18.80 ± 0.10
bB

 17.77 ± 0.15
bA

 

 0.005 23.47 ± 0.15
eD

 21.83 ± 0.06
cdC

 20.83 ± 0.06
cdB

 20.20 ± 0.10
eA

  

 0.01 26.25 ± 0.15
gD

 24.63 ± 0.15
eC

 24.17 ± 0.12
eB

 23.20 ± 0.10
gA

 

 - 17.30 ± 0.10
aD

 15.63 ± 0.06
aC

 12.83 ± 0.06
aB

 12.40 ± 0.10
aA

 

  95 % 

  95 % 

 

  

 

  

  

  0.05 

 0.1 – 0.5 (Ibrahim , 2011)  
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 17  0.1, 0.2, 0.3  0.001, 0.005,  

0.01   3  

 

  

 (  17) 

  (  6) 

  

   Brownian movement  

   
 

   

 (p < 0.05)  7  

 0.3 

   6 

   0.001-0.01 

  

 7   0.001 

 1  

 (p < 0.05)  

 

 
 

Pectin 0.3 % Pectin 0.2 % Pectin 0.3 % 
Xanthan 0.001% Xanthan 0.01% Xanthan 0.005% 



37 

  

 6   7  

 
  

   ( ) 

 (NTU) 

 1  3  5  7 

    0.1 1483.00 ± 3.61
cD

 1035.33 ± 3.51
cC

 836.33 ± 3.06
cB

 780.67 ± 2.52
cA

 

 0.2 1595.33 ± 2.08
dD

 1125.00 ± 3.00
dC

 996.00 ± 2.65
dB

 894.00 ± 3.00
dA

 

 0.3 1983.33 ± 1.15
fD

 1535.33 ± 5.51
fC

 1257.00 ± 4.00
fB

 1176.33 ± 1.53
fA

 

   0.001 1334.67 ± 3.51
bD

 936.33  ± 2.52
bC

 745.00 ± 2.00
bB

 665.67 ± 3.06
bA

 

 0.005 1695.00 ± 2.00
eD

 1214.67 ± 3.06
eC

 1056.33 ± 3.06
eB

 975.67 ± 3.06
eA

 

 0.01 2261.67 ± 3.06
gD

 1850.00 ± 4.58
gC

 1673.33 ± 1.53
gB

 1538.00 ± 2.00
gA

 

   - 177.67 ± 3.06
aD

 147.33 ± 0.58
aC

 125.33 ± 3.06
aB

 79.07 ± 0.38
aA

 

  95 % 

  95 % 
 

 0.01  

  

 0.01   

  0.1 - 0.3 

  7    

(  7)  

 

  

  (p < 0.05)  

 (Tan, 1990) 
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 18  0.1, 0.2, 0.3  0.001, 0.005,  

0.01   5  

 

 7 

  0.1  

 0.3   

 

   

 0.001  

 0.01  

 

 

 

  (p < 0.05) 

   

 Genovese and Lozono (2001)   CMC 

   

  

   CMC   

    

Pectin 0.3 % Pectin 0.2 % Pectin 0.3 % Xanthan 0.001 % Xanthan 0.01 % Xanthan 0.005 % 
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 7   

  

 

 7        

   7  

 
 

( ) 

 ( ) 

 1  3  5  7 

 0.1 0.584 ± 0.003
eA

 0.964 ± 0.006
eB

 1.046 ± 0.003
eC

 2.218 ± 0.002
eD

 

 0.2 0.521 ± 0.002
dA

 0.742 ± 0.003
dB

 0.823 ± 0.002
dC

 0.909 ± 0.002
dD

 

 0.3 0.416 ± 0.003
bA

 0.476 ± 0.004
bB

 0.595 ± 0.002
bC

 0.656 ± 0.003
bD

 

 0.001 0.985 ± 0.006
eA

 1.009 ± 0.003
fB

 1.116 ± 0.003
fC

 2.222 ± 0.002
eD

 

 0.005 0.445 ± 0.005
cA

 0.643 ± 0.003
cB

 0.765 ± 0.003
cC

 0.895 ± 0.002
cD

 

 0.01 0.389 ± 0.012
aA

 0.413 ± 0.005
aB

 0.546 ± 0.003
aC

 0.626 ± 0.003
aD

 

 - 1.385 ± 0.007
fA

 2.255 ± 0.028
gB

 2.625 ± 0.006
gC

 3.717 ± 0.003
fD

 

  95 % 

  95 % 

 

 

 

 

 

 

 

 

 

 

 

 19  0.1, 0.2, 0.3  0.001, 0.005,  

0.01   7  
 

Pectin 0.3%  Pectin 0.2%  Pectin 0.3% Xanthan 0.001%  Xanthan 0.01% Xanthan 0.005% 
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 8  pH  

   

7   pH  pH  

 pH     (  5) 

 (  6)  (  7)   pH 

   

   
 

 8  pH   

   7  

 
 

( ) 

pH 

 1  3  5  7 

 0.1 4.20 ± 0.01cB 4.18 ± 0.01abA 4.18 ± 0.01bcA 4.17 ± 0.01acA 

 0.2 4.19 ± 0.01cC 4.19 ± 0.01bBC 4.18 ± 0.01bcAB 4.17 ± 0.01aA 

 0.3 4.17 ± 0.01aB 4.18 ± 0.01abB 4.16 ± 0.01aA 4.15 ± 0.01aA 

 0.001 4.18 ± 0.01bB 4.17 ± 0.01aA 4.17 ± 0.01bA 4.15 ± 0.01aA 

 0.005 4.19 ± 0.00bC 4.19 ± 0.01bC 4.18 ± 0.01bcB 4.16 ± 0.01abA 

 0.01 4.20 ± 0.01cB 4.18 ± 0.01abA 4.17 ± 0.01bcA 4.17 ± 0.01cA 

 - 4.20 ± 0.01cC 4.19 ± 0.01bB 4.18 ± 0.00bcAB 4.17 ± 0.01cA 

  95 % 

  95 % 
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 L*  9    0.1 

 L*  L*  0.2  0.3 

 (p < 0.05)  L*   7   

 (p > 0.05)  L*  0.1, 

0.2  0.3  44.75, 44.61  44.85   

  L*  7   (p < 0.05)  L* 

 7  0.001   L*  

0.005  0.01  50.40, 45.48   45.27  

 L*  1 - 7   

   

 L*    

 

 

 9  L*   7  

 
 

( ) 

 L* 

 1  3  5  7 

 0.1 41.32 ± 0.03
dA

 44.53 ± 0.10
dB

 45.84 ± 0.17
cC

 44.75 ± 0.23
abB

 

 0.2 41.40 ± 0.14
dA

 43.29 ± 0.12
bB

 45.54 ± 0.13
bcD

 44.61 ± 0.33
aC

 

 0.3 41.87 ± 0.05
eA

 43.29 ± 0.04
bB

 45.25 ± 0.30
bD

 44.85 ± 0.23
abC

 

 0.001 39.36 ± 0.05aA 45.66 ± 0.04eC 44.44 ± 0.11aB 50.40 ± 0.80dD 

 0.005 41.06 ± 0.04bA 43.07 ± 0.04aB 45.34 ± 0.32bcC 45.48 ± 0.58bC 

 0.01 41.19 ± 0.05cA 44.06 ± 0.04cB 45.35 ± 0.56bcC 45.27 ± 0.10abC 

 - 42.81 ± 0.06
fA

 43.41 ± 0.16
bB

 47.80 ± 0.25
dC

 48.86 ± 0.12
cD

 

  95 % 

  95 % 
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 a*  10   0.1 

 a*  a*  0.2  0.3 

 (p < 0.05)  5  a* 

 (p > 0.05)    

a*  7   (p < 0.05)  a* 

 7  0.001  a*  0.005  0.01 

 0.75, -2.55  -3.30   a* 

 1 - 7    

 a*  

  

 

 

 10  a*   7  

 
 

( ) 

a* 

 1  3  5  7 

 0.1 -0.64 ± 0.04
aD

 -1.13 ± 0.03
bC

 -1.45 ± 0.25
aB

 -2.99 ± 0.23
bA

 

 0.2 0.06 ± 0.05
cD

 -0.94 ± 0.03
cC

 -1.47 ± 0.23
aB

 -2.90 ± 0.09
bA

 

 0.3 -0.45 ± 0.04
bC

 -0.15 ± 0.03
eD

 -1.14 ± 0.13
abB

 -2.60 ± 0.15
cA

 

 0.001 1.08 ± 0.03fB 0.15 ± 0.01fA 0.02 ± 0.14cB 0.75 ± 0.37dA 

 0.005 0.90 ± 0.52eC -1.27 ± 0.02aB -1.11 ± 0.30abB -2.55 ± 0.28cA 

 0.01 -0.47 ± 0.04bC -0.75 ± 0.03dB -0.86 ± 0.14bB -3.30 ± 0.02aA 

 - 0.33 ± 0.02
dA

 2.57 ± 0.05
gD

 1.33 ± 0.11
dB

 1.77 ± 0.05
eC

 

  95 % 

  95 % 
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 b*  11  

  b*  

 (p < 0.05)   b* 

  

(p < 0.05)  b*  7  

  

 b*  

  

 

 11  b*   7  

 

 

 

( ) 

b* 

 1  3  5  7 

 0.1 13.84 ± 0.04
cD

 12.17 ± 0.05bB 12.67 ± 0.22cC 4.06 ± 0.12eA 

 0.2 14.15 ± 0.06
dD

 12.92 ± 0.04dC 12.36 ± 0.18cB 4.28 ± 0.07eA 

 0.3 15.37 ± 0.04eD 12.77 ± 0.05
cB

 14.07 ± 0.16dC 4.96 ± 0.24eA 

 0.001 19.05 ± 0.06gD 14.39 ± 0.12eB 15.98 ± 0.21eC -25.66 ± 1.25bA 

 0.005 10.63 ± 0.04aB 14.38 ± 0.06eC 13.88 ± 0.28dC -6.96 ± 0.56cA 

 0.01 12.08 ± 0.02bC 12.07 ± 0.06bC 11.44 ± 0.18bB 1.91 ± 0.10dA 

 - 17.86 ± 0.08fD -28.23 ± 0.12
aB

 -27.51 ± 0.08aC -29.97 ± 0.09aA 

  95 % 

  95 % 
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  0.001 - 0.01  0.1 - 

0.3  7  

   0.01 

   

 (p < 0.05)  0.1 

 0.001   

 

 (  20)  (  12) 

   

 7   (p > 0.05) 
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 13   4.2 

 100   1   

 15   

 7  , , ,  .  

 (  144 

. . 2535)    37   55 

  1,000  1   100  1  

 3  1  (  MPN) 

 

 13   7  

 
 

( ) 

 (CFU/ml) 

total plate count 
yeast  

and mold 
coli form E. coli. 

 0.1 Negative Negative Negative Negative 

 0.2 Negative Negative Negative Negative 

 0.3 Negative Negative Negative Negative 

 0.001 Negative Negative Negative Negative 

 0.005 Negative Negative Negative Negative 

 0.01 Negative Negative Negative Negative 

 - Negative Negative Negative Negative 

 

4.4  

   12  

   14 

  

 (p  0.05)  0.01 

 Pangborn  (1978) 
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  12   

  6 

 

  

   0.01  

 0.3  932.10  753.82 NTU  (  12) 

   14 

   

 (p < 0.05)   

  12    

  

   (2532) 

 

    (2541) 

   pH 

 12    pH  (p < 0.05)  pH 

 (  6)  pH  
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 0.01   

  

(p < 0.05)    

  12  
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 4    
 

1.    96.64 %  

1.70 %  0.17 %  0.63 %  1.86 %  

2.   

4   CMC, ,     CMC  0.1 
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  0.01  

  0 . 0 5   0 . 1  
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1.  

  

  (Volatile matter) 

  

1. Moisture can   5 . 

 

2 .Hot air oven (force air drying oven)  

3. Desiccators  Silica gel  

4. Tong 

5. Analytical balance  4  (  gravimetric method 

  2   1 ) 

  

1.  102 ± 3  1   

 

2.  2   (  4 ) 

 (  1) 

3.  102 ± 3   

2 .    

 

4.   30   

 2  1   

 

  % 

   = 100 w / W 

   w   ( ) 

   W   ( ) 
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2.  

 1.  2 - 5   

 2.  1.25 %   30   

 3.   Buchner funnel 

   

 4.   

 1.25 %  30  

 5.  Buchner funnel  

 1 %    

 6.  95 %  

 7.  100   1   

crude fiber  ash  

 8.  700   1  

 

 

 

 ( )   = 
 x 100 

 

 

3.  

   500 - 550 0C 

 

  

 1.  (Crucible) 

 2.  

 3. Desiccators  Silica gel  

 4. Analytical balance  4  (  gravimetric method 

  2   1 ) 
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 1.  5  

 

2.    

 3.  550 ± 20   2 - 3 

    

4.  30   1  

 

 

 %  

 

%  = 
(  – ) 

x 100 
 

 

4.  

   

  

 

1. Hot air oven (force air drying oven)  

2.  1  

3.  (Desiccators)  Silica gel  

4.  

5. Analytical balance  4  (  gravimetric  

method   2   1 ) 

 

 40 - 60  

 

1.  100 ± 3  1   
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2.  2   (  

4 )  (Thimble)  

3.  Thimble  Condenser  

 4.  150   

 extraction tube  extraction tube  

 20  

5.  

 6.  100 ± 3  30  

 

7.  

 

 % 

%  = 
 –  

x 100 
 

 

5.  

 

  1.  

  2. K2SO4 5   CuSO4.5H2O 0.25  

  3.  4 % ( )  25 

/  

  4.  (methyl red / methylene blue indicator)  

100  

 5.  HCl 0.1 N  Standardized  

Na2CO3 
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  1.  0.5  (  4 ) 

 blank  

  2.  K2SO4 5   CuSO4.5H2O 0.25   1  

  3.  H2SO4 conc. 12 /  

  4.  

  5.  20 % NaOH   

 Scrubber neutralizer  

  6.  

  7.   

 

  8.  cooling  40 % NaOH 

 

  9.   

  10.   preheat  1 - 2  

 ready start  

  11.   3  

  12.  40 %  40 

 4 (  10  40 ) 

  13.  3  

  14.  4 %  25  

 250   3 - 4   

  100  

  15.  ready start  

 1 - 2 

  ready start  

  16.   

  HCl 0.1 N  ( ) 
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  17.  

 3  

  18.   flask   

 

 % 

% N = 
(T-B) x 14.007 x 100 x N 

Weight of sample (ml)  

% protein = % N x conversion factor 

T = sample titration 

B = Blank titration 

N = normality of titrant 

 

Standardize  0.1 N HCl 

 Anhydrous NaCO3  5    

200   1   

  Na2CO3  0.13    flask  20  

 2 - 3   0.1 N HCl 

  A1  2 - 3  

 A2 

 HCl  

 

Concentration of HCl (mol/l) = 
2000 x accurately weight of  Na2CO3 

MW of Na2CO3  x (A1+A2) 

 

6.  

1.   3  

2.  “ Power On ”  

3.  “ Remove Spindle/Press And Key ”  (Spindle) 
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4.  “ Auto zeroing Viscometer” 

  15   ‘’ Replace Spindle/ Press And Key” 

 

5.  Guard leg  (Spindle)  

 Mark  

6.  

6.1  Select Spindle  

6.2   –   

6.3  Select Spindle  (  3  ) 

7.  

7.1  Motor “ON/Off ”  “0.0 RPM ” 

7.2   –   

7.3  Set Speed  

8.  

 

1.   (  1   

) 

2.  (   ) 

100 %  

 40 %  

 

 

-   600 ml   500 ml  

-   –   

-  
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 600 ml. 

  (Brookfield) 

 1  180 /  

7.  

   

  

1.   30  

2.  Range   Range 

3.  (NTU / EBC / NEP/ %T /A/CU)  UNIT / EXIT 

 NTU (Nephelometic Turbidity Unit) 

4.   

 

 RATIO FUNCTION 

<  40 NTU  ( ) 

> 40 NTU  ( ) 

 

5.  NUMBER  ( ) 

 6 

 

 

-  Sample  Display Mode  

-          

-      

-          

-  ENTER 

6.  30 ml  Sample 

Cell    

7.  Sample Cell  Silicone Oil  1  

 Sample Cell  
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8.  Sample Cell  (  Mark 

 Mark  Sample Cell ) 

9.   

 

-  SIGNAL AVG ( )  

-  Sample    

 

8.  Color-viewTM Spectrophotometer 

1.   (

)  

2.  calibrate  

  .  2  color – insights 

.  2  QC Manager 

  .  file  calibrate 

  .  Port Size  Large  Mode  Auto  Gloss 

 gloss   On  Off  OK 

  .  Place Black reference tile on sample 

port   ( ) 

 OK 

  .  Place White reference tile on sample 

port   OK 

 

  .  gloss  .  

 

3.  

  .  

  .  QC Manager  2  Gardner  Standard  

sample   
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1.  (total viable count)  pour plate 

 

1. Plate count agar (PCA)  

2.  0.1 (0.1 % peptone solution)  

  

1.    

2.  1:10, 1:100  1:1000   

 0.1  

3.  2  1 .   

4.  PCA  15 .  

5.     15   

6.  35 oC  24 .  

7.  30 - 300  

 (CFU/ml.) 

 

2.   spread plate  

  

1. Potato dextrose agar (PDA)  (3.5)   

 10 

2.  0.1 (0.1 % peptone solution)  

  

1.    

2.  1: 10, 1:100  1:1000   

 0.1  

3.  2  0.1 .  

4.   

5.  25  oC  3 - 5   
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6.  30 - 300  

 (CFU/ml.) 

3.  coliform bacteria  E.coli 
  

1. Brillient-green lactose bile broth (BGLB)  

2. Lauryl sulphate tryptose broth (LST) 2X  1X  

3. EC broth  

4. Eosin methylene blue agar (EMB)  

5. Nutrient agar (NA)  

6. Trytone (trytophane broth) 

7. MR-PV broth 

8. Koser’s Citrate broth 

  

 (Presumptive test)  

1.   LST (2X)  10 . 

 5   LST (1X)  1 .  5   

0.1 .  5   

2.  37 ± 1 oC  24  48 .  

3.  24 . 

 24 .   

4.   MPN   

MPN / .  
 

 (Confirm test)  

1.  BGLB 

 

2.  37 ± 1 oC  48 .  

3.   MPN  MPN  

/ .  
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Confirm test  E.coli 
4.  LST  EC 

5.  44.5 ± 0.5 0C  24 . 

 48 .   

6.  EC  streak  L-EMB 

  35 0C  18 – 24 . 
 

 IMVIC 

7.  L-EMB  E.coli  

   E.coli  IMVIC Test 

  

-Tryptone broth 

- MR-VP broth 

- Koser’s Citrate broth 

- LST broth 
 

 IMVIC 
 

 

 

 

 

 

 
regent  

Tryptone broth I 24 ± 2 . 35 0C 0.2 – 0.3 ml  

Kovac’s reagent 

 

MR-VP broth M 48 ± 2 . 35 0C 5  methyl red  

solution 

 

Koser’s Citrate  

broth 

V 48 ± 2 . 35 0C 0.6 ml.  -naphthol  

(solution A) + 0.2 ml.  

40 % KOH-creatine  

(solution B) 

  

 2 . 

LST broth Ci 48 ± 2 . 35 0C  

 
 

IMVIC Test = Indole production, Methyl-Red reactive compounds, Voges-Proskauer 

reactive compound, Citrate Utilization 
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10.   E.coli  E.coli 
 

1.  48 .  35 0C 

2.  IMVIC  ++-- (Biotype I)  -+-- (Biotype II) 

3.    
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1.  
 

____________________________       ___________________ 

  :  

  

  

9 =   4 =  

8 =    3 =  

7 =   2 =  

6 =   1 =  

5 =   

 

                         

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

_____     _____ 

____________________________________________________________________

_______________________________________________________________________________

_______________________________________________________________________________ 
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2.  
 

____________________________       ___________________ 

  :  

  

  

9 =   4 =  

8 =    3 =  

7 =   2 =  

6 =   1 =  

5 =   

 

              

              

              

              

              

              

              

 

 

 

 

______________________________________________________________________

_________________________________________________________________________________

_________________________________________________________________________________ 
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 17  

     ( )   

 
Source of 

variation (SOV) 

Degree of 

Freedom (df) 

Sum of 

Squares 

(SS) 

Mean Square 

(MS) 
F-value 

 ( ) Treatment 12 358.92 29.91 129.61* 

 Error 26 6.00 0.23  

 Total 38 364.92   

 Treatment 12 5846.51 487.21 15360.68* 

 Error 26 0.82 0.03  

 Total 38 5847.34   

 Treatment 12 14563025.74 1213585.48 164912.31* 

 Error 26 191.33 7.36  

 Total 38 14563217.08   

*  P < 0.05 

NS  
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 18  

      7  

 

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean Square 

(MS) 
F-value 

1 Treatment 6 151.81 25.30 1513.74*

 Error 14 0.23 0.02  

 Total 20 152.04   

3 Treatment 6 154.56 25.76 3570.60*

 Error 14 0.10 0.01  

 Total 20 154.66   

5 Treatment 6 217.15 36.19 2925.47*

 Error 14 0.17 0.01  

 Total 20 217.33   

7 Treatment 6 205.57 34.26 2681.71*

 Error 14 0.18 0.01  

 Total 20 205.75   

*  P < 0.05 

NS  
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 19   

      7  

  

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

1 Treatment 6 7910747.62 1318457.94 171972.77* 

 Error 14 107.33 7.67  

 Total 20 7910854.95   

3 Treatment 6 5104105.81 850684.30 67159.29* 

 Error 14 177.33 12.67  

 Total 20 5104283.14   

5 Treatment 6 4097046.29 682841.05 83370.13* 

 Error 14 114.67 8.19  

 Total 20 4097160.95   

7 Treatment 6 3681179.65 613529.94 106103.34* 

 Error 14 80.95 5.78  

 Total 20 3681260.60   

*  P < 0.05 

NS  
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 20  

      7  

 

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

1 Treatment 6 2.502 0.417 20732.377*

 Error 14 0.000 0.000  

 Total 20 2.503   

3 Treatment 6 7.065 1.178 9180.845*

 Error 14 0.002 0.000  

 Total 20 7.067   

5 Treatment 6 9.226 1.538 140804.872*

 Error 14 0.000 0.000  

 Total 20 9.226   

7 Treatment 6 24.188 4.031 615966.192*

 Error 14 0.000 0.000  

 Total 20 24.188   

*  P < 0.05 

NS  
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 21  pH  

      7  

 

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

1 Treatment 6 0.001 0.000 8.167* 

 Error 14 0.000 0.000  

 Total 20 0.002   

3 Treatment 6 0.001 0.000 5.143* 

 Error 14 0.000 0.000  

 Total 20 0.001   

5 Treatment 6 0.001 0.000 6.889* 

 Error 14 0.000 0.000  

 Total 20 0.002   

7 Treatment 6 0.002  5.767* 

 Error 14 0.001   

 Total 20 0.002   

*  P < 0.05 

NS  
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 22  L*   

       7  

 

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of  

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

1 Treatment 6 19.34 3.22 679.71* 

 Error 14 0.07 0.00  

 Total 20 19.41   

3 Treatment 6 15.58 2.60 322.28* 

 Error 14 0.11 0.01  

 Total 20 15.69   

5 Treatment 6 19.47 3.24 34.98* 

 Error 14 1.30 0.09  

 Total 20 20.77   

7 Treatment 6 97.37 16.23 93.46* 

 Error 14 2.43 0.17  

 Total 20 99.80   

*  P < 0.05 

NS  
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 23  a*   

      7  

 

( ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

1 Treatment 6 8.45 1.41 982.88* 

 Error 14 0.02 0.00  

 Total 20 8.47   

3 Treatment 6 32.03 5.34 6753.67*

 Error 14 0.01 0.00  

 Total 20 32.04   

5 Treatment 6 22.88 3.81 67.05* 

 Error 14 0.80 0.06  

 Total 20 23.68   

7 Treatment 6 66.44 11.07 431.57* 

 Error 14 0.36 0.03  

 Total 20 66.80   

*  P < 0.05 

NS  
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 24  b*   

      7  

 

( ) 

Source of 

Variation 

(SOV) 

Degree of 

Freedom 

(df) 

Sum of 

Squares 

(SS) 

Mean Square 

(MS) 
F-value 

1 Treatment 6 161.45 26.91 9742.86* 

 Error 14 0.04 0.00  

 Total 20 161.49   

3 Treatment 6 4411.40 735.23 133910.72* 

 Error 14 0.08 0.01  

 Total 20 4411.48   

5 Treatment 6 4342.71 723.78 10714.42* 

 Error 14 0.95 0.07  

 Total 20 4343.65   

7 Treatment 6 4041.53 673.59 2407.27* 

 Error 14 3.92 0.28  

 Total 20 4045.45   

*  P < 0.05 

NS  
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 25  

       7  

 

Source of 

Variation 

 (SOV) 

Degree of 

Freedom  

(df) 

Sum of  

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

 Treatment 6 92.52 15.42 271.73* 

 Block 2 0.23 0.11 1.99 

 Error 12 0.68 0.06  

 Total 21 755.35   

 Treatment 6 89.82 14.97 87.73* 

 Block 2 0.29 0.14 0.84 

 Error 12 2.05 0.17  

 Total 21 788.19   

 Treatment 6 0.06 0.01 0.16 NS 

 Block 2 4.35 2.17 35.40  

 Error 12 0.74 0.06  

 Total 21 1239.48   

 Treatment 6 0.36 0.06 3.50 NS 

 Block 2 0.33 0.17 9.75 

 Error 12 0.21 0.02  

 Total 21 1344.90   

 Treatment 6 1.11 0.19 4.00NS 

 Block 2 0.28 0.14 2.99 

 Error 12 0.56 0.05  

 Total 21 1242.42   

 Treatment 6 80.88 13.48 185.43* 

 Block 2 0.05 0.03 0.37 

 Error 12 0.87 0.07  

 Total 21 802.24   

*  P < 0.05 

NS  
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 26   

       12  

 

(12 ) 

Source of 

variation  

(SOV) 

Degree of 

Freedom  

(df) 

Sum of 

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

 Treatment 6 330.50 55.08 735.10* 

 Error 14 1.05 0.07  

 Total 20 331.55   

 Treatment 6 2382269.79 397044.96 354153.59* 

 Error 14 15.70 1.12  

 Total 20 2382285.48   

 Treatment 6 25.07 4.18 186860.80* 

 Error 14 0.31E-03 2.24E-05  

 Total 20 25.07   

pH Treatment 6 0.01 0.0012 12.95* 

 Error 14 0.00 0.0001  

 Total 20 0.01   

*  P < 0.05 

NS  
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 27   

      12  

 

( 12 ) 

Source of 

Variation 

(SOV) 

Degree of 

Freedom 

(df) 

Sum of 

Squares 

(SS) 

Mean Square 

(MS) 
F-value 

L* Treatment 6 94.69 15.78 119.16* 

 Error 14 1.85 0.13  

 Total 20 96.54   

a* Treatment 6 5.80 0.97 72.77* 

 Error 14 0.19 0.01  

 Total 20 5.99   

b* Treatment 6 137.00 22.83 780.46* 

 Error 14 0.41 0.03  

 Total 20 137.41   

*  P < 0.05 

NS  
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 28  

       12  

 

Source of 

Variation 

 (SOV) 

Degree of 

Freedom  

(df) 

Sum of  

Squares 

(SS) 

Mean  

Square 

(MS) 

F-value 

 Treatment 6 60.48 10.08 31.75* 

 Block 2 0.86 0.43 1.35 

 Error 12 3.81 0.32  

 Total 21 504.00   

 Treatment 6 67.81 11.30 101.71* 

 Block 2 0.67 0.33 3.00 

 Error 12 1.33 0.11  

 Total 21 546.00   

 Treatment 6 2.95 0.49 4.43* 

 Block 2 2.00 1.00 9.00 

 Error 12 1.33 0.11  

 Total 21 953.00   

 Treatment 6 4.95 0.83 2.97NS 

 Block 2 0.67 0.33 1.20 

 Error 12 3.33 0.28  

 Total 21 1024.00   

 Treatment 6 1.62 0.27 0.74 NS 

 Block 2 0.29 0.14 0.39 

 Error 12 4.38 0.37  

 Total 21 1121.00   

 Treatment 6 57.14 9.52 40.00* 

 Block 2 1.14 0.57 2.40 

 Error 12 2.86 0.24  

 Total 21 500.00   

*  P < 0.05 

NS  
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 pH  

 
 

 
 6  

   : Phillips  Williams (2002) 
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 22  

       : http://www.sci-toys.com 

 
 
 

 
 

 23  CMC 

        : http://www.sci-toys.com 

 
 
 

 24  Gellan_gum 

  : http://www. fr.wikipedia.org/wiki/Fichier 
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