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บทคัดยอ 
 

 การศึกษาผลของปจจัยการผลิตสํารองผงในขั้นตอนการสกัดแยกเนื้อสํารอง การ
ฟอกสี และวิธีการทําแหงโดยสกัดแยกเนื้อสํารองจากลูกสํารองแหงดวยอัตราสวนสํารองแหงตอน้ํา 
1:50 1:75 และ1:100 โดยน้ําหนัก อุณหภูม ิ30 60 และ 80 องศาเซลเซียส และเวลา 6 และ 12 ช่ัวโมง 
พบวาการสกดัแยกเนื้อสํารองดวยอุณหภูมสูิง และเวลานานมีผลทําใหปริมาณผลผลิตลดลง โดยที่
อัตราสวนสํารองแหงตอน้ําไมมีผลตอปริมาณผลผลิต สภาวะการสกดัแยกเนื้อสํารองที่เหมาะสม 
คือการสกัดแยกดวยอัตราสวนสํารองแหงตอน้ํา 1:75 อุณหภูมิ 30  องศาเซลเซียส เปนเวลา 6 ช่ัวโมง 
ไดปริมาณผลผลิตรอยละ 53.68 ของน้ําหนักสํารองแหง การฟอกสีเนื้อสํารองดวยสารละลาย
ไฮโดรเจนเปอรออกไซดที่ความเขมขนรอยละ 1 2 และ 3 ที่อุณหภูม ิ30 และ 60 องศาเซลเซียส เวลา 
1 2 และ 3 ช่ัวโมง มีผลทําใหความแตกตางของสีโดยรวม (ΔE) ของเนื้อสํารองเพิ่มขึ้นตามความ
เขมขนของสารละลายไฮโดรเจนเปอรออกไซด อุณหภมูิ และเวลาที่เพิ่มมากขึ้น แตทําใหความหนืด
ของเนื้อสํารองลดลง ดังนัน้จึงเลือกสภาวะการฟอกสทีี่ใหเนื้อสํารองที่มีความหนดืสูง และมีความ
แตกตางของสีโดยรวมสูง คือการใชสารละลายไฮโดรเจนเปอรออกไซดเขมขนรอยละ 1 อุณหภูมิ   
30 องศาเซลเซียส และเวลา 2 ช่ัวโมง ผลของวิธีการทําแหงเนื้อสํารองดวยเครื่องทําแหงแบบแช  
เยือกแข็ง แบบลูกกลิ้งหมุน และแบบอบลมรอน พบวาการทําแหงแบบแชเยือกแข็งซึ่งใชอุณหภูมิต่ํา 
(-40 องศาเซลเซียส) ทําใหสํารองผงมีความหนืด คาสี (L*) และความสามารถในการดดูซับน้ําสูงกวา
การทําแหงแบบลูกกลิ้งหมุน และแบบอบลมรอนซึ่งใชอุณหภูมิสูง แตเนื่องจากการทําแหงแบบแช
เยือกแข็งมีตนทุนสูง และใชเวลาในการผลิตนาน จึงคดัเลือกวิธีทําแหงแบบอบลมรอนที่อุณหภมูิ 
70  องศาเซลเซียส เปนเวลา 12 ช่ัวโมง ซ่ึงมีตนทุนต่ํา และไดสํารองผงที่มีสมบัติใกลเคียงกับสํารอง
ผงจากการทําแหงแบบแชเยอืกแข็ง การประยุกตใชสํารองผงเพื่อเพิ่มความขนหนดืในน้าํแปงเพือ่
ชุบเนื้อไกทอด พบวาการเติมสํารองผงสงผลใหน้ําแปงมีความหนดื ปริมาณการยึดเกาะ และ
ความสามารถในการรักษาน้าํ เพิ่มขึ้น และคา L* ลดลง การเติมสํารองผง 0.25 และ 0.5 กรัม ชวยลด
ปริมาณการใชแปงสาลีลง 10 และ 20 กรัม ตามลําดับ ผลิตภัณฑไกบดปรุงรสชุบแปงทอดที่ชุบ    
น้ําแปงสูตรทางการคา สูตรมาตรฐาน และสูตรทดลองที่เติมสํารองผง โดยใชวิธี Hedonic scale 
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จํานวนผูทดสอบ 30 คน พบวาผูทดสอบทางประสาทสัมผัสใหคะแนนความชอบผลิตภัณฑที่ชุบน้ํา
แปงสูตรทดลองที่มีการเติมสํารองผงในดานลักษณะปรากฏ สี ความแข็ง รสชาติ และความชอบ
รวม ไมแตกตางกับผลิตภณัฑที่ชุบน้ําแปงสูตรทางการคาและสูตรมาตรฐาน แตคะแนนความชอบ
ในดานการอมน้ํามันต่ํากวาผลิตภัณฑที่ชุบน้ําแปงสูตรทางการคา และสูตรมาตรฐานโดยผลิตภัณฑ
ที่ชุบน้ําแปงสตูรที่เติมสํารองผง 0.25 กรัม และลดปริมาณแปงสาลี 10 กรัม มคีะแนนความชอบใน
ดานความชอบรวมในระดบัชอบปานกลาง ซ่ึงสูงกวาผลิตภัณฑที่ชุบน้ําแปงสูตรที่มีการเติมสํารอง
ผง 0.50 กรัม  
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ABSTRACT 

 
  The effect of process parameters (extraction condition, bleaching condition and 
drying method) on the yield and quality of crude malva nut powder was investigated. Different 
water extraction conditions (1:50, 1:75 and 1:100 w/w solid: liquid, temperature 30, 60 and 80°C 
and time 6 and 12 h) affected the yield of crude malva nut extract. The higher temperature and 
longer extraction time decreased yield of malva nut extract whereas proportions of water did not 
show significantly effect. Extraction with water at the ratio of 1:75 w/w at 30°C for 6 h was 
considered as the suitable conditions resulting yield of 53.68 % based on dry weight. The effect of 
bleaching with hydrogen peroxide (H2O2) solution at different concentration (1, 2, 3 % v/v), 
temperature (30, 60°C) and times (1, 2, 3 h) showed that total color difference (ΔE) of product 
increased with the increase of concentration, temperature and time but the viscosity decreased. 
Therefore, bleaching with 1% (v/v) H2O2 at 30°C for 2 h was considered as a suitable condition. 
The bleached crude malva nut extract was further dried under different drying methods (freeze 
dry, drum dry and hot air dry). It was found that freeze drying of crude malva nut extract resulted 
in higher viscosity and water holding capacity (WHC) but it took longer time and higher cost than 
the other methods. Although freeze dryer resulted in superior qualities of malva nut powders than 
those dried by drum dryer as well as hot air dryer, the suitable condition of hot air drying at 70°C 
for 12 h was selected with acceptable properties and lower cost. The crude malva nut powder 
(CMP) was applied to maintain the viscosity of batter for producing fried breaded chicken. It was 
found that the viscosity, % picking up and water holding capacity were increased while L* of the 
batter was decreased. It was also found that wheat flour can be decreased by 10 and 20 g when 
CMP was used only 0.25 and 0.50 g, respectively. Moreover, fried battered and breaded chicken 
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battered with the commercial formula, standard formula and those two added CMP formulas were 
subjected to sensory evaluation by 30 panelists using 9 points hedonic scale. Results showed non-
significantly difference in sensory rating of appearance, color, hardness, taste and overall liking 
compared between the samples with (0.25 and 0.50 g CMP) and without (commercial formula 
and standard formula) adding CMP. However, the sensory rating in oiliness of sample with 
adding CMP was lower than that sample battered with commercial formula and standard formula. 
In addition, the sensory rating in overall liking of sample adding with 0.25 g CMP was higher 
than the sample adding with 0.50 g CMP.  
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Figure 1. Dried malva nut 

:   (2554) 
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 3-15  25   24  

 12   (   

, 2551) 

 1.2 �°�Š�‡�r�ž�¦�³�„�°�•�š�µ�Š�Á�‡�¤�¸�…�°�Š�Á�œ�º�Ê�°��Î�µ�¦�°�Š 

     (   

, 2549)    

 70   8  

  76.45 (Table 1)  Singthong 

 (2007)  ( )  77.16 

  

Table 1. Chemical composition of dried crude malva nut. 

Chemical composition  %* %** 
Moisture content 15.31 10.20 

Dietary fiber 76.45 - 

Protein 3.75 4.47 

Fat 0.41 0.10 

Ash 5.84 8.07 

Carbohydrate (by different) - 77.16 

: *    (2549), **Singthong  (2007) 
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   2.3.1.2  (Tunnel dryer) 

  

   

   2.3.1.3  (Spray dryer) 

 

   

  2.3.2 Solid surface transfer dryer 

  

  (Drum dryer  Roller dryer) 
  120-170  

 

  

  1-2  

     

 20   2-3   

 

  

  

     

   (Freeze dryer) 
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3. �Ä�¥�°�µ�®�µ�¦  

     (Dietary fiber)  

  

   

    

   

 (Jimenez-Escrig and Sanchez-Muniz, 2000)  (Crude fiber) 

 (  , 2522) 

   3     

(  , 2549) 

    1. Structural polysaccharide 

     

    2. Structural non-polysaccharide  

   

    3. Non-structural polysaccharide 

    

    

  

     

 11  2.3 

   4   

    1.   3  100  

        

      

    2.   1-3  

100       

    3.   1  100  

             

    4.     
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�•�œ�·�—�…�°�Š�Ä�¥�°�µ�®�µ�¦�˜�µ�¤�‡�ª�µ�¤��µ�¤�µ�¦�™�Ä�œ�„�µ�¦�¨�³�¨�µ�¥�œ�Ê�Î�µ 

 3.1 �Ä�¥�°�µ�®�µ�¦�š�¸�É�¨�³�¨�µ�¥�œ�Ê�Î�µ (Soluble dietary fiber)  

  

          

    

 

       

 (Carmen, 1997)  

  3.1.1 �Á�¡�„�˜�·�œ (Pectin)   

 

  (Galactoronic acid) 

  (Rhamnose)  (Arabinose)  (Xylose)  

(Fructose)  

 (Spelling suspension) 

    

  3.1.2 �„�´�¤ (Gum) �Â�¨�³�°�³�„�µ�¦�r (Agar) 

  

   (Glucose)  (Mannose)  

(Galactose)  (Arabinose)  (Uronic acid)  

  

    (Huang et al., 2001) 

  

 (Hydroxyl group)  

   

 

  3.1.3 �¤�·�ª�Ž�·�Á�¨�‹ (Mucilage)   
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 (    , 

2548)   

   

(    , 2545) 

  3.1.4 �Á�•�˜�µ�„�¨�¼�Â�‡�œ (β-glucan)   

-1, 4 -1, 3   (Prosky and Devries, 

1992) -1, 4   

-1, 3   (Kamel 

and Stauffer, 1993)    

 3.2 �Ä�¥�°�µ�®�µ�¦�š�¸�É�Å�¤�n�¨�³�¨�µ�¥�œ�Ê�Î�µ (Insoluble dietary fiber)  

  

   

  

  

     (Carmen, 1997) 

  3.2.1 �Á�Ž�¨�¨�¼�Ã�¨� (Cellulose)  

 

  -  

   30-40 

  

 

  3.2.2 �Á�±�¤�·�Á�Ž�¨�¨�¼�Ã�¨� (Hemicelluloses)  

   (Pentose)  

(Galactose)  (Arabinose)  (Glucuronic acid) 

  

    

  3.2.3 � �̈·�„�œ�·�œ (Lignin)   
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 -   

 

4. ��µ�¦�Á�¡�·�É�¤�‡�ª�µ�¤�…�o�œ�®�œ�º�— 

     (Thickening agent)  (Food additive) 

    

   

 ( ) 

 ( )  

 

  

 

 4.1 �Å�±�Ã�—�¦�‡�°�¨�¨�°�¥�—�r (Hydrocolloid) 

       (Hydrophilic)   

   

 (-OH)   

   (Emulsifier)  

(  , 2549; Phillips and �illiams, 2000)  3  

 

  4.1.1 �Å�±�Ã�—�¦�‡�°�¨�¨�°�¥�—�r�š�¸�É�Å�—�o�¤�µ�‹�µ�„�›�¦�¦�¤�•�µ�˜�· (Natural hydrocolloids) 

        (Seaweed) 

    

   4.1.1.1  (Gum arabic)  Gum acacia  

Acacia  Galactose Arabinose Glucuronic acid 

Rhamnose  4-O-methylglucuronic acid  Heteropolysaccharide 

  

  40  

 40-50 
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   4.1.1.2  (Guar gum)  Guar (Cyamopsis 
tetragonolobus)  Galactomannan  

    

 

   4.1.1.3  (Locust bean gum)  Carob 

(Ceratonia silliqua)  Mannose 

  95 

   Locust bean gum 

   

   4.1.1.4  (Pectin)  

  Rhamnose, Galactose, Arabinose   Heterpolysaccharide 

  2.0-3.5  

 55   

      

   

  

  

   4.1.1.5  (Carrageenan)  (Rhodophyceae) 

 Galactose  70  

  Thermoreversible gel  

  

  Dessert gels, �hipped topping  Fluid milk products 

   4.1.1.6  (Agar)  (Rhodophyceae)  

Agarose  Agaropectin    

 4   

 0.04  Thermoreversible gel 

  35-40   85-90  

     

 Icing 
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   4.1.1.7  (Xanthan gum)  

Xanthomonas campestris  Glucose Mannose  

Glucuronic acid  

  

 Pseudoplastic   

 (Mouthfeel)   

    

    

  

  4.1.2 �Å�±�Ã�—�¦�‡�°�¨�¨�°�¥�—�r�š�¸�É�—�´�—�Â�ž�¦�‹�µ�„��µ�¦�›�¦�¦�¤�•�µ�˜�· (Modified natural hydrocolloids) 

          

 (Carboxymethyl cellulose, CMC) 

       

  (Cellulose ether)  

 (Hydroxypropylmethyl cellulose, HPMC) 

 

   

  4.1.3 �Å�±�Ã�—�¦�‡�°�¨�¨�°�¥�—�r��´�Š�Á�‡�¦�µ�³�®�r (Synthetic hydrocolloids)  

 (Polyethylene oxide polymers)  

     

  

    

(Stabilizer)  (Thickener)  (Gelling agent)  

 4.2 ��¤�•�´� �̃·�š�´�É�ª�Å�ž�…�°�Š�Å�±�Ã�—�¦�‡�°�¨�¨�°�¥�—�r 

  4.2.1 �„�µ�¦�„�¦�³�‹�µ�¥�˜�´�ª�Ä�œ�œ�Ê�Î�µ (Dispersibility in water) 

    

  

  Degree of solubility 
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1-2   

 50 

   

  (  , 2549) 

  4.2.2 �‡�ª�µ�¤�®�œ�º�— (Viscosity)  

  

    

  

   10-20  

 1  

   

   

  

  (  , 

2549) 

  4.2.3 �„�µ�¦�Á�„�·�—�Á�‹�¨ (Gel formation)    

   

  

   

  

 

   40-50 

  80-85 

 (  , 2549)  
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5. �Ÿ�¨�·�˜�£�´�–�”�r�°�µ�®�µ�¦�•�»�•�Â�ž�j�Š�š�°�— 

      2   

 (Core)      (Coating) 

   

 (Pre-dust)  

  (150-220 ) 

    (Suderman, 1992) 

 5.1 �œ�Ê�Î�µ�Â�ž�j�Š  

     (Batter)  

  ( , 2534) 

    

    

   

       

     2    (Interface/ 

Adhesion batter)  (Puff/Tempura batter) (Loewe, 1992) 

  5.1.1 �œ�Ê�Î�µ�Â�ž�j�Š�•�œ�·�—�š�¸�É�Ä�•�o�¥�¹�—�Á�„�µ�³ (Interface/Adhesion batter) 

   

  

    

   

  

 

  

 

  5.1.2 �œ�Ê�Î�µ�Â�ž�j�Š�•�œ�·�—�Á�š�¤�ž�»�¦�³ (Puff/Tempura batter)   
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 (Dry mix)  

 

    

 

  

 

 5.2 �°�Š�‡�r�ž�¦�³�„�°�•�Â�¨�³��¤�•�´� �̃·�…�°�Š�œ�Ê�Î�µ�Â�ž�j�Š 

     2    

      

     

   (

, 2534) 

  (Suderman and Cunningham, 1983)  

  5.2.1 �¡�°��̈·�Â�Ž�‡�‡�µ�Å�¦�—�r    

   

   

   

  

  

       (Loewe, 1992) 

  

 (Gluten)  

 

 

   

  (Table 2) 
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  5.2.2 �Ã�ž�¦�˜�¸�œ    

    

 (Maillard reaction)  

      

  

  (Suderman and Cunningham, 1983) 

  5.2.3 �Å�…�¤�´�œ  

  (Fenema, 1996)  

  5.2.4 �œ�Ê�Î�µ   

   

  1.5-2:1 (  

, 2547)  

Table 2. Concentrations and functionality of ingredients used in batter formulations. 

Ingredient Addition range (%) Functionality or effect on quality 
�heat Flour >40 Structure, Viscosity 

Corn flour  >30 Crispness, Golden brown color 

Rice flour  <5 Transparency, Light texture, Improved adhesion 

Starches <5 Changes in tenderness and crunchiness 

  Improve crispness 

Leavening agents <3 Open the structure of the batter upon cooking, 

Release moisture without blowing off the coating, 

Porous structure. 

Gums <1 Viscosity control, Solid suspension in cold batter, 

Ability to participate in gel/film formation  

Flavorings and seasonings Open Acceptable taste profiles 

 : Fiszman  Salvador (2003) 
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  5.2.5 �Á�‡�¦�º�É�°�Š�ž�¦�»�Š�¦�       

    

  

   

 5.3 �ž�{�‹�‹�´�¥�š�¸�É�¤�¸�Ÿ�¨�˜�n�°��̈´�„�¬�–�³�…�°�Š�Ÿ�¨�·�˜�£�´�–�”�r�°�µ�®�µ�¦�•�»�•�Â�ž�j�Š�š�°�—  

     

  

    

   

  5.3.1 �‡�ª�µ�¤�„�¦�°�• (Crispness)  

  

   

  

  

   

 (  , 2542) 

  

(Texture analyzer)  (Mohamed et al., 1998) 

 

   5.3.1.1   (Amylase) 

 (Gelatinization)  

   

  

   

  (Amylopectin)  
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 (Suderman and Cunningham, 1983) 

   5.3.1.2    Deep-fat frying 

       

150-220   150  

  

  220  

 (Caramelization)   

 

  5.3.2 �„�µ�¦�¥�¹�—�Á�„�µ�³ (Adhesion) 

  

  

  

  (Loewe, 1992)  

   5.3.2.1  

   

 

   

  70 

  

 (Kulp and Loewe, 1992)          

  (Suderman and Cunningham, 1983) 

 

 

 

   5.3.2.2  

 (Hsia et al., 1992)  

    

 (Suderman and Cunningham, 1983) 
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   (Loewe, 1992) 

   5.3.2.3  

 

 

  5.3.4 ��¸ (Color)  

  

 140-150  (  , 2542) 

   

    

 (Glossy brown) 

 α-   

 (Damaged starch)  

 (Olewnik and Kulp, 1992) 

  

 Van-Beynum  Roels (1985)  

 

 150   α-1, 4  

 (Loewe, 1992) 

  5.3.5 �„�µ�¦�—�¼�—�Ž�´�•�œ�Ê�Î�µ�¤�´�œ 
  

 25 (Meyers, 1992)  

 

   5.3.5.1   

  

  

 

 

   (Gel 

strength)  (Pinthus et al., 1992) 
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 2 

   

 

    1.  (Malva nut)  

  1    

-  . . 2551 

    2.   

    

     

    

    3.   (35% Hydrogen peroxide, Food grade) 

    4.   (Petroleum ether, Analytical grade) 

 

    1.    

      

    2.   

     

 

    3.   

      

    4.     

     4.1   Brookfield viscometer  RVDII+ 

 

     4.2   HunterLab  Colorflex  

     4.3  (Texture analyzer)  Stable Micro System 

 TA XT2i  
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     4.4   Novasina  TH 200 -

  

     4.5   Sorvall  RC-5B plus  

     4.6  (Soxhlet apparatus) 

 

 

       

   

 60   3  (Singthong et al., 2007) 

    

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

 

1.   

     

 1:25 1:50 1:75 1:100  1:150  (30 ) 60 80  100 

  3 6 9 12  24  

 1:25   

 1:150   

  

 

 

 1.1   1:50 1:75  1:100  

 1.2    (30 ) 60  80  

 1.3   6  12   

      

   15  
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  10   

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

     (Completely Randomized Design, CRD) 

 (Factorial) (3x3x2) 

 Analysis of Varience (ANOVA)  

Duncan s Multiple Range Test (DMRT)  3  (Steel and 

Torrie, 1960)  

   

2.   

     

 (Hydrogen peroxide, H2O2)  2 4 6 8  10      

60  80   3 6 9  12  

  

  

 (  Maes and Delcour, 2000) 

 2.1   1 2  3  

 2.2   1  2  

 2.3     60   

     1 

 1  1    

  15   

   

  10  

  (  )  

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

    (2)   (L*, a*, b*)  HunterLab colorimeter (Abdel-Aal and 

Sosulski, 2001) 
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    (3)   Brookfield viscometer (Peamprasart and Chiewchan, 

2006) 

      

 0.5 ( )  

  15   (L*, a*, b*)  

HunterLab colorimeter   

(Total color different, ∆E) (  )  Brookfield viscometer 

 3  20  (Peamprasart and Chiewchan, 2006) 

     

(3x2x2)  

 Analysis of Varience   Duncan s 

Multiple Range Test  3  (Steel and Torrie, 1960) 

   

�.   

     2  3  

 3-6 (  , 2547) 

 

 3.1  (Freeze drying) -40  

 3.2  (Drum drying) 

 110-115  

 3.3  (Hot air drying)  70  

     3.2  3.3  

 60     

 (  )   

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

    (2)   (Water activity) (A.O.A.C., 2000)  

    (3)   L*, a*, b*  HunterLab colorimeter (Abdel-Aal and Sosulski, 

2001) 
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    (4)   (Total dietary fiber)  

(Soluble dietary fiber)  (Insoluble dietary fiber)  

Enzymatic gravimetric (A.O.A.C., 2000)  

    (5)   (Water holding capacity, WHC) (Tomotak et al., 
2002) 

    (6)     

Brookfield viscometer (Peamprasart and Chiewchan, 2006) 

    (7)   

 (Scanning electron microscope, SEM) 

   

   2  

   

 SEM  300  (JSM-5800 LV, JEOL, Japan) 

(Nammakuna et al., 2009) 

      Analysis of 

Varience   Duncan s Multiple Range Test 

 3  (Steel and Torrie, 1960 

  L*       

    (  

 ) 

�.  

 �.1    8  (Table 3) 

 

  4.1.1  ( )  100    89  

 6   4   1           

(15 )  1:1.5  (  A)  

  4.1.2   100    89    

 6   1   4    (15 ) 

 1:1.5  (  B) 
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  4.1.3  

   (  C-H) 

  5   (15 )  

  15   

Table �. Formulations of batter. 

Formula 
CMP* 

(g) 

Wheat 

Flour (g) 

Tapioca 

Flour (g) 

Backing 

powder (g) 

Salt 

(g) 

Water 

(g) 

A 0 89 6 4 1 150 

B 0 89 6 4 1 150 

C 0.25 89 6 4 1 150 

D 0.25 79 6 4 1 150 

E 0.25 69 6 4 1 150 

F 0.50 89 6 4 1 150 

G 0.50 79 6 4 1 150 

H 0.50 69 6 4 1 150 

* Crude malva nut powder 

 �.2  (  )  

  4.2.1   Brookfield viscometer (Peamprasart and Chiewchan, 2006) 

  4.2.2  (L*, a*, b*)  HunteLab colorimeter (Abdel-Aal and Sosulski, 

2001) 

  4.2.3  (Pick up of batter) (Salvador et al., 2005)  

  4.2.4  (Water retention capacity, WRC) (Sanz et al., 2008)  

 �.�  

  4.3.1  

   0.5    1.5   1   2 

   10   

 3.5   1   (Pre-dust) 
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 (  A)  (  B)  (  C-H) 

 5    170 

 (Akdeniz et al., 2006)  3    

 

  4.3.2  

  (  )  

    (1)  (Crust) (  Baixauli et al., 2003) 

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

    (3)  (Shear force)  (Texture 

analyzer) (  Juemanee et al., 2009)  Load cell  5  

 1  

    (4)   (L*, a*, b*)   HunterLab colorimeter 

(Abdel-Aal and Sosulski, 2001) 

      Analysis of 

Variance   Duncan s Multiple Range Test 

 3  (Steel and Torrie, 1960) 

  2  

  4.3.3  

   4.3.2  2  

      

 hedonic scale  9    9  

 1  Randomized Complete Block Design (RCBD) 

 30   Analysis of Variance 

 Duncan s Multiple Range Test (Steel and Torrie, 1960) 
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 3 

 

    

    

  56.67   14.69 

1.  

      1:50 

1:75  1:100  60  80   6  12 

     

(Table 4)  

 (p<0.05) (Table A1)  

  

Table 4. Effect of extraction conditions on yield of extracted crude malva nut. 

Time 

(h) 

Temperature 

(°C) 

Yield of crude malva nut (%)* 

Dried malva nut :water 

1:50 1:75 1:100 

6 30 53.32+0.12ns,B 53.68+0.24ns,B 53.53+0.19ns,B 

 60 53.60+0.98ns,B 53.44+0.34ns,B 53.69+0.30ns,B 

 80 52.01+0.10ns,A 52.08+0.49ns,A 52.15+0.12ns,A 

12 30 53.24+0.24b,C 52.59+0.04a,B 52.79+0.33a,B 

 60 51.50+0.48ns,B 51.34+0.71ns,A 51.83+0.66ns,B 

 80 50.60+0.23ns,A 50.93+0.36ns,A 50.32+0.97ns,A 

* mean+SD from 3 replicates 
ns in the same row indicated non-significantly differences (p>0.05)  
a, b, c in the same row indicated significantly differences (p<0.05) 
A, B, C in the same column of each time indicated significantly differences (p<0.05) 
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     50-100 

  (p>0.05) (Table A1)  

   

 

  

 

  1:50 

  

  15 

 450  (  10   500 ) 

  

 1:75  1:100 

 1:75  

 15-20 

   10 

 500   1:50 

 1:100  

   30-35  

  7  

 500   1:50  1:75  

     6  12   (p<0.05) 

  

 

  

   (  , 2548) 

  1:50 
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     60  80  

 (p<0.05)  

   60     

 6    

(p>0.05)  53  80 

  6    (p<0.05) 

 52  (60  80 

)  

  

 

 

   (Hydrophilic)  

   

 (    , 2546) 

 

     

 1:75 ( )  (30 )  6  

 53.68   

2.  

     

1 2  3  1:1   60 

  1  2     

  (p<0.05) (Table 5) 

  Hunter  L* a*  b*  L*  

 100   0   a*  (+) 

  (-)   b*  (+)   

(-)   

     (Figure 2A)  L* a*  b*  

26.38 20.38  38.69  
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    (Figure 2B) 

 L* a*  b*  (Total color different, ∆E) 

  

  ∆E 

  

  Strong oxidizing agent 

 (Brooks and Moore, 2000; Mussatto et al., 2008) 

  (Rutenberg and Solarek, 1984)  

Table 5. Effect of bleaching conditions on total color different (∆∆∆∆E) and viscosity of crude 

malva nut. 

Condition 
 

Color*** Viscosity*** 

(cPs) Temp. (°C) Time (h) H2O2 (%) L* a* b* (∆∆∆∆E) 

Control** 0 0  26.38 20.38 38.69 - 1865.00+5.00 

30 1 1  29.28 18.96 42.56 5.05+0.10a 1843.33+10.41b

  2  30.50 18.38 43.42 6.59+0.23b 1835.00+5.00b 

  3  31.80 18.83 44.60 8.17+0.20c 1785.00+8.66a 

 2 1  31.95 18.45 44.33 8.16+0.16a 1776.67+7.64b 

  2  33.48 19.03 44.18 9.07+0.11b 1760.00+5.00a 

  3  35.32 18.54 45.07 11.13+0.12c 1753.33+7.64a 

60 1 1  44.71 12.44 43.63 20.58+0.30a 981.67+10.41c 

  2  46.71 11.68 42.65 22.46+0.30b 943.33+7.64b 

  3  48.77 10.45 41.55 24.66+0.56c 915.00+5.00a 

 2 1  49.04 10.62 40.26 24.73+0.09a 920.00+5.00c 

  2  50.94 9.43 39.55 26.90+0.06b 863.33+7.64b 

  3  52.89 8.19 38.34 29.18+0.12c 815.00+10.00a 

** no bleaching 

*** mean+SD from 3 replicates 
a, b, c in the same column indicated significantly differences (p<0.05) 
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     Table 5   ∆E  

  

 ∆E  (p<0.05) (Table A2)  ∆E 

 3  

  ∆E  

 

 

  
A          B 

Figure 2. Color of crude malva nut before (A) and after (B) bleaching with 1 % hydrogen 

peroxide solution at ambient temperature. 

      

Brookfield viscometer (Peamprasart and Chiewchan, 2006)  1865 cPs 

  

  (p<0.05) (Table A2) 

  

  

  

  

(Somboonpanyakul et al., 2006) 
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  ∆E   

 1           

2  /    

3.  

     (  2) 

   (Freeze drying)  -40  

 (Drum drying)   115-120   

(Hot air drying)  70    

  Table 6 

Table 6. Main properties of crude malva nut powder (CMP) by different drying method. 

Properties** 
Drying method 

Freeze drying Drum drying Hot air drying 

Physical    

Viscosity (cPs) 1530.00+5.00c 948.33+20.05a 1462.50+37.00b 

L* 29.05+0.39c 16.01+0.21a    22.20+0.13b 

a* 16.29+0.29c  6.67+0.20a    11.54+0.20b 

b* 40.99+0.64c 30.53+0.33a    38.96+0.16b 

Water activity  0.48+0.02a  0.51+0.01a      0.56+0.02b 

Chemical    

Moisture (%) 2.62+0.05a 3.70+0.21b     5.28+0.10c 

Total dietary fiber (%) (dry basis) 51.34+2.23ns 52.91+1.42ns     52.66+1.12ns 

Soluble dietary fiber (%) (dry basis) 44.17+1.39b 41.21+0.37a    43.06+0.21b 

Insoluble dietary fiber (%) (dry basis)  7.17+0.85a 11.70+1.05c      9.60+1.33b 

Functional     

Water holding capacity (g/g CMP) 85.36+0.42c 59.75+0.98a    78.81+0.84b 

** mean+SD from 3 replicates 
ns in the same row indicated non-significantly differences (p>0.05)  
a, b, c in the same row indicated significantly differences (p<0.05) 
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 3.1   

  3.1.1  

      3  

 (p<0.05) (Table A3)  

  1530 cPs   1462.50 cPs 

   948.33 cPs (Table 6) 

   

   -40  

  (  , 2547) 

  (1776.67 cPs) 

  (110-115  70 

 )   

  

 

  3.1.2   

      (L* a* b*) 

 (p<0.05) (Table A3) 

  (Figure 3A)  L* a* 

 b*  29.05 16.29  40.99  

  

 

    

   L*  

 (Non-enzymatic browning)  

  Caramelization  

  (Furfural)  (  

, 2551; Garza et al., 1999; Ibarz et al., 1999) 
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A : Freeze drying 

 

 
B: Drum drying 

 

 
C: Hot air drying 

Figure 3. Appearance of dried and rehydrated crude malva nut powder by different drying 

method. 
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  3.1.3  

     3  

 (p<0.05) (Table A3)  

  0.48  

   0.51  0.56 (Table 6) 

  

   1.0 

  0.6 (Jay, 2000) 

  3  

  

  3.1.4   

     

 3   (SEM) 

   

  60   

    

 SEM  300    (Figure 4A) 

  

  

  

  120-140  

   

  (Figure 4B) 

  70  

  

  

 (Figure 4C)  
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A: Freeze drying 

 
B: Drum drying 

 
C: Hot air drying 

Figure 4. Scanning electron micrographs of crude malva nut powder by different drying 

method. 
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     3  

 (p<0.05) (Table A3)   

   0.97  

    0.93  0.90  (Table 7) 

  

   

  

  

      

   

Table 7. Yield and production cost of crude malva nut powder (CMP) by different drying 

method. 

Properties** 
Drying method 

Freeze drying Drum drying Hot air drying 

Yield (%) 0.93+0.01b 0.90+0.01a 0.97+0.01c 

Production cost (Baht/g CMP) 151.50 12.22 8.22

** mean+SD from 3 replicates 
a, b, c in the same row indicated significantly differences (p<0.05) 

     3  (  ) 

    151.50 

 (Table 7) 

  

  

 2  

 

  12.22  

  8.22   
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 (p<0.05) (Table A5) 

Table 8. Properties* of batter containing crude malva nut powder (CMP). 

Formula CMP(g) Wheat Flour (g) Viscosity (cPs) Pick up of batter (%) WRC (%) 

A 0 89 1455±18.03c 23.48±0.27b 58.75±0.31c 

B 0 89 1272±7.64b 22.38±0.89b 58.76±0.28c 

C 0.25 89 2720±27.84f 31.09±1.27c 63.78±0.36d 

D 0.25 79 1567±7.64d 23.00±0.47b 56.82±0.24b 

E 0.25 69 783±12.58a 17.80±1.61a 51.77±0.91a 

F 0.50 89 4928±17.56g 40.88±0.74d 68.44±0.20e 

G 0.50 79 2753±7.64f 32.19±0.78c 64.17±0.18d 

H 0.50 69 1705±13.23e 23.25±1.63b 58.30±0.73c 

* mean+SD from 3 replicates 
a-f in the same column indicated significantly differences (p<0.05) 

   4.1.1.2  (Pick up of batter) 

  (p<0.05) 

(Table 8) 

 

   4.1.1.3  (Water retention capacity, WRC) 

  C-H  (p<0.05) (Table A4) 

 0.25  0.50   (  C 

 F) (Table 8)   

(  A)  (  B)  (p<0.05) 

   4.1.1.4  (Color) 

   L*  (p<0.05) 

 (Table 9) 

  

  (Rehydrated) 
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 L*   

Table 9. Color of batter containing crude malva nut powder (CMP). 

Formula 
CMP 

(g) 

Wheat Flour 

(g) 

Color of batter** 

L* a* b* 

A 0 89 86.91±0.13c 0.87±0.08a 14.06±0.09f 

B 0 89 86.89±0.23c 0.89±0.15a 12.73±0.19a 

C 0.25 89 83.81±0.26b 1.48±0.25b 12.98±0.27ab

D 0.25 79 83.62±0.24b 1.39±0.04b 13.21±0.10bc 

E 0.25 69 83.56±0.18b 1.77±0.06c 13.34±0.05cd 

F 0.50 89 81.22±0.41a 2.04±0.07d 13.52±0.08de 

G 0.50 79 81.14±0.17a 2.05±0.07d 13.79±0.17ef 

H 0.50 69 81.10±0.08a 2.31±0.13e 14.02±0.20f 

** mean+SD from 3 replicates 
a-f in the same column indicated significantly differences (p<0.05) 

  4.1.2  

   4.1.2.1  (Crust) 

 (Table 10) 

 A-H  (p<0.05) (Table A4)  

  (  C  F  D  G  E 

 H)   

   

0.25  0.5  20  

 10  
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Table 10. Properties** of fried batter products. 

Formula CMP*(g) Wheat Flour (g) Crust (%) Total fat (%) Shear force (g/cm2)

A 0 89 22.25±0.20c 24.42±0.74a 4697±298ns 

B 0 89 21.36±0.30b 27.12±0.87b 4489±213ns 

C 0.25 89 25.25±0.21e 31.91±0.43d 4739±327ns 

D 0.25 79 22.29±0.08c 29.43±0.74c 4709±236ns 

E 0.25 69 19.55±0.17a 25.96±0.58b 4365±269ns 

F 0.50 89 27.12±0.43f 33.83±0.92e 4727±300ns 

G 0.50 79 25.77±0.47d 31.96±0.78d 4408±233ns 

H 0.50 69 21.86±0.57bc 29.40±0.90c 4528±259ns 

* crude malva nut powder 

**mean+SD from 3 replicates 
ns in the same column indicated non-significantly differences (p>0.05)  
a-f in the same column indicated significantly differences (p<0.05) 

   4.1.2.2  

 8  (Table 10)   

(p<0.05) (Table A4)   F  33.83 

 A  E   24.42  25.96 

   

   

  

   

  

 

   4.1.2.5  

 Texture analyzer      

(A-H)  (p>0.05) (Table A5)  Table 10 

 4365-4739  
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   4.1.2.6   A-H 

(Table 11)   L*  

 (p<0.05) (Table A5)  L*  45.4-51.4 

 L*  

  (Figure 5)  L*  

(p<0.05)   

   

Table 11. Color of fried batter products. 

Formula 
CMP*

(g) 

Wheat flour 

(g) 

Color of product** 

L* a* b*

A 0 89 59.97±1.98d 10.58±0.18ns 35.54±0.65 ns 

B 0 89 61.75±2.56d 9.85±1.07ns 34.84±0.41 ns 

C 0.25 89 60.99±2.31d 10.25±2.07ns 34.51±1.48ns 

D 0.25 79 56.41±0.88c 9.21±1.07ns 33.95±1.30ns 

E 0.25 69 49.81±0.02b 10.83±1.34ns 34.90±1.29ns 

F 0.50 89 60.23±0.59d 9.13±0.82ns 33.25±0.94 ns 

G 0.50 79 57.22±0.21c 10.66±1.23ns 33.26±0.86 ns 

H 0.50 69 45.28±0.99a 9.62±0.50ns 33.61±2.31 ns 

* crude malva nut powder 

** mean+SD from 3 replicates 
ns in the same column indicated non-significantly differences (p>0.05)  
a-d in the same column indicated significantly differences (p<0.05) 
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A: Commercial formula     B: Standard formula  

 
D: 0.25g CMP formula     H: 0.50 g CMP formula  

Figure 5. Fried battered and breaded chicken product with and without using crude malva 

nut powder (CMP). 
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 4.2  

      

  4    A    B 
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  2   4.1   D  

0.25   10   H  0.50  

 20  

   

    

   

Table 12. Sensory score* of fried chicken batter product. 

Formula Appear Color Hardness Oiliness Taste Overall 

A 7.30±0.75ns 7.47±0.90ns 6.67±0.96ns 7.33±0.96c 7.30±0.99ns 7.27±1.05ns 

B 7.13±1.11ns 7.10±1.21ns 6.20±1.21ns 7.17±1.34bc 7.23±0.73ns 7.13±1.28ns 

D 7.17±1.18ns 7.37±1.21ns 6.43±1.33ns 6.70±1.26ab 7.33±0.92ns 7.23±1.25ns 

H 6.93±1.26ns 6.97±1.19ns 6.53±1.25ns 6.37±1.00a 7.37±1.33ns 6.80±1.32ns 

* mean + SD form 30 panelist 
ns in the same column indicated non-significantly differences (p>0.05)  
 a, b, c in the same column indicated significantly differences (p<0.05) 

     

 

   Hedonic scale (9 ) (Table 12)  
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 .    

1.  (Water activity, aw) (A.O.A.C., 2000) 

   

    1.    Novasina  Thermoconstanter 

    2.   

   

    1.   

  25   Calibrate   

    2.    

    3.   

80-90  Measuring chamber 

    4.   Equilibium relative humidity (ERH)  100 

  

2.  (Viscosity) (Peamprasart and Chiewchan, 2006) 

   

    1.   Brookfield  DVII+ 

    2.   (Spindle)  3 

   

    1.   

    2.   

   

    1.    300    

    2.   3   

 20  

    3.   cPs 
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    4.   

       4.1    

   

       4.2  

 

 

       4.3    

  

3.  (L* a* b*)  HunterLab (Abdel-Aal and Sosulski, 2001) 

   

      HunterLab  Colorflex  

   

    1.   

    2.   

   

    1.     Start 

>Program >HunterLab >Universal V3.73 

    2.   Calibrate   

       2.1   Standardize  Port 0.5  

       2.2    Port 

       2.3    Port 

    3.    Active view   

       3.1  Scale  CIE Lab  HunterLab 

 L*, a*  b* 

       3.2   (Illuminant)     

(MI:Illuminant)  D65 

       3.3   (Observer)  (MI:Illuminant) 
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    4.   Port   

    5.   Read sample  

4.  (Total color different, ∆∆∆∆E) (Abdel-Aal and 

Sosulski, 2001) 

   

          

 0.5   

   

     L* a*  b*   0.5 

    

    ∆E= L0 L1 a0 a1 b0 b1  

   

    L0 =  L*   

    L1 =  L*   

    a0 =  a*   

    a1 =  a*   

    b0 =  b*  

    b1 =  b*   

5.  (Shear force)  Texture analyzer (  Juemanee et al., 
2009) 

   

    1.   (Texture analyzer)  Stable Micro System  TA-XT2i  

    2.     

   

     ( ) 
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    1.     

    2.   Calibrate   5  

    3.   (  P/50) 

 Calibrate  

    4.   T.A. Setting   

 1   (

  ) 

    5.   

  

    6.   

6.  (Pick-up of batter) (Salvador et al., 2005) 

   

     

   

      

   

    1.   (

 10 )  (W1) 

    2.    5  

 (Pre dust)  (W2) 

    

     = (W1-W2) x 100 

                            W2 

   

    W1 =  

    W2 =  
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7.  (Crust) (  Baixauli et al., 2003) 

   

     

   

     

   

    1.    

 5   (W1) 

    2.   

 (W2) 

    

     = W2 x 100 

                                  W1 

   

    W1 =  

    W2 =  

8.  (Moisture content) (A.O.A.C., 2000) 

   

    1.   

    2.   

    3.   (Desiccator) 

    4.   

   

    1.   105±2  

 3    

    2.   1    

1-3  
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    3.    1-2 

  

    4.   105+2  5-6  

  

 

    5.   4    

1-3   

   

     ( ) = (W1-W2) x 100 

                          W1 

   

    W1 =  ( ) 

    W2 =  ( ) 

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

   

    1.   (Soxhlet apparatus)   

       1.1    250   

       1.2   (Condenser)  

       1.3   (Heating mantle) 

    2.   (Cellulose thimble) 

    3.   

    4.   

    5.   (Desiccator) 

    6.   (Petroleum ether) 
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    1.   250  105+2 

  3    

    2.   1    

1-3  

    3.   1-2  

  

    4.   (Soxhlet) 

  150   

    5.   14  

   150  

    6.   14   

  

    7.   105+2  

  

    8.   7    

1-3  

   

     ( ) = (W2 x 100) 

                          W1 

   

    W1 =  ( ) 

    W2 =  ( ) 
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10.  (Insoluble dietary fiber) (A.O.A.C., 2000) 

   

    1.  Fritted crucible porosity No.2  525  

 1     15  

  Celite  0.5    Celite 

  105+2   

 1   Celite (  4 ) 

    2.     1000  

    3.   (Hot plate stirrer) 

    4.    

    5.   (Muffle furnace) 

    6.   

    7.   (Desicator) 

    8.   

    9.    20-100  

    10.  600  

    11.  

   

    1.   

       1.1   85:  95  895  

 1  

       1.2   78:  95  821 

 1  

    2.   

    3.  α-Amylase solution  0-5  

    4.  Protease:  Protease 50   

Phosphate buffer  0-5  ( ) 

    5.  Amyloglucosidase solution  0-5  

    6.  Diatomaceous earth: Celite 545 aw 
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    7.  Phosphate buffer solution (0.08   6.0):           

1.4  Na2HPO4 (  1.753  Dihydrate)  9.68  NaH2PO4 (  10.94 

Dihydrate)  700   1    

    8.   0.325  :  325 

1.0  HCl  1  

    9.   (NaOH) 0.275  :  

NaOH 11  700   1  

    10.  

   

    1.    

   60   

    2.   0.02±0.001  2   

    3.   Phosphate buffer 25    6.0+2 

    4.   α-amylase solution 50   

  95-100   15  

  5    

 7.5+2   0.275  

 10  

    5.   Protease 100   

  60   30   

  4.0-4.6  

 0.325   10  

    6.   Amyloglucosidase 100   

  60   30  

 

    7.   Fritted crucible   

    2  

10   95  2  10  
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    8.   Fritted crucible   105+2 

  5   

 

    9.   Fritted crucible  1  

    10.  Fritted crucible  2  

 525   5   

   

     ( ) = -P-A-B X 100 

                                   

    

     =   ( ) 

     =   ( ) 

    P      =  Fritted crucible  1 ( ) 

    A      =  Fritted crucible  2 ( ) 

    B      = Blank ( )   

    Blank    =  Blank  P  Blank  A  Blank 

11.  (Soluble dietary fiber) (A.O.A.C., 2000)  

   

     

   

    1.   

 100    

    2.   95  60 

  400    1   

    3.   Fritted crucible  

 78   
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    4.    78 

 3   20   95 

 2   10   2  10  

    5.   Fritted crucible  105+2  

 5   1   

 

    6.   Fritted crucible  1  

    7.   Fritted crucible  2  

 525   5   

   

     ( ) = - P-A-B  X 100 

                                         

    

     =   ( ) 

     =   ( ) 

    P         =  Fritted crucible  1 ( ) 

    A            =  Fritted crucible  2 ( ) 

    B      = Blank ( )   

    Blank    =  Blank  P  Blank  A  Blank 

12.  (Total dietary fiber) (A.O.A.C., 2000) 

   

    ( ) =  ( )        

+  ( ) 
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13.  (Water holding capacity, WHC) (Tomotak et al., 
2002) 

   

    1.   

    2.   (Centrifuge tube) 

    3.    

   

    1.   0.1  (W1) 

 

    2.   15  (W2)  

 20  

    3.    4000   10  

    4.   (W3) 

   

       = [(W1+W2)-W3] 

               W1 

   

     W1  =    ( ) 

     W2  =   ( ) 

     W3  =   ( )  

14.  (Water retention capacity, WRC) (Sanz et al., 
2008)  

   

    1.   

    2.   (Centrifuge tube) 

    3.    
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    1.   30  (W1) 

100  

    2.    6000    

 10   15  

    3.    

 (W2)  

   

      =   (W1-W2) x 100 

                            W1 

   

     W1 =   ( ) 

     W2 =   ( )  
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 .  

 

 

 9 - Point hedonic scale 

 

  

. .  

   

  

 

 ; 9 =   8 =   7 = 

     6 =   5 =   4 = 

     3 =  2 =   1 = 

         

  

 . . . . 

 . . . . 

 . . . . 

 . . . . 

 . . . . 

 . . . . 

 . . . . 

 

.

.

.  
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 .   

1.  

      ( ) =  x 100  

             

       2,130  

 19.80  

     ( ) = 19.80 x 100 

         2130 

         = 0.93 

2.  (Freeze drying) 

      Freeze dryer 

 Eyela     

 600   2,130   5  

 3,000   19.80  

 Freeze dryer  (3,000/19.80) = 151.50  

3.  (Drum drying) 

      Drum dryer  

   

  30   10 

 1   40   20,000   

2.5   180   Drum 

dryer  (30 x 40) + (2.5 x 40 x 10) = 12.22  
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4.  (Hot air drying) 

      Hot air oven  

   

10,000  (1,500  1 )  12   19 

  97   1   1   3.5   

 Hot air oven  (19 x 3.5 x 12)/67.9 = 8.22 
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Table A1. ANOVA of crude malva nut yield extracted from different conditions. 

Source Sum of Squares df Mean Square F Sig.

Corrected Model 63.379(a) 17 3.728 16.819 .000

Intercept 148088.744 1 148088.744 668086.266 .000

Time 25.407 1 25.407 114.620 .000

Temperature 31.650 2 15.825 71.392 .000

Ratio .020 2 .010 .045 .956

Time * Temperature 4.376 2 2.188 9.871 .000

Time * Ratio .215 2 .107 .484 .620

Temperature * Ratio .714 4 .179 .805 .530

Time * Temperature * Ratio .998 4 .249 1.125 .360

Error 7.980 36 .222   

Total 148160.103 54    

Corrected Total 71.359 53    
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Table A2. ANOVA of total color different (∆∆∆∆E) and viscosity of crude malva nut bleaching 

with different conditions. 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Corrected Model  ∆E 2723.321(a) 11 247.575 4413.532 .000

  Viscosity 7136657.639(b) 11 648787.058 10738.544 .000

Intercept ∆E 9670.100 1 9670.100 172389.621 .000

  Viscosity 65542517.361 1 65542517.361 1084841.667 .000

Temperature ∆E 2517.363 1 2517.363 44877.232 .000

  Viscosity 7062306.250 1 7062306.250 116893.345 .000

Time ∆E 117.433 1 117.433 2093.493 .000

  Viscosity 43056.250 1 43056.250 712.655 .000

Concentration ∆E 80.626 2 40.313 718.661 .000

  Viscosity 24088.889 2 12044.444 199.356 .000

Temperature * Time ∆E 5.168 1 5.168 92.131 .000

  Viscosity 1167.361 1 1167.361 19.322 .000

Temperature*Concentration ∆E 2.295 2 1.148 20.458 .000

  Viscosity 3350.000 2 1675.000 27.724 .000

Time * Concentration ∆E .124 2 .062 1.101 .349

  Viscosity 316.667 2 158.333 2.621 .093

Temperature * Time *  ∆E .312 2 .156 2.780 .082

Concentration Viscosity 2372.222 2 1186.111 19.632 .000

Error ∆E 1.346 24 .056  

  Viscosity 1450.000 24 60.417  

Total ∆E 12394.767 36   

  Viscosity 72680625.000 36   

Corrected Total ∆E 2724.667 35   

  Viscosity 7138107.639 35   
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Table A3. ANOVA of main properties of crude malva nut powder by different drying methods. 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Corrected  Viscosity 607259.722(a) 2 303629.861 507.224 .000

Model L* 255.541(b) 2 127.771 1791.455 .000

  a* 138.919(c) 2 69.459 1297.768 .000

  b* 184.514(a) 2 92.257 511.182 .000

  Moisture .011(d) 2 .005 12.500 .007

  aw 10.735(e) 2 5.368 291.362 .000

  Total dietary fiber 4.265(f) 2 2.132 1.343 .330

  Soluble dietary fiber 13.421(g) 2 6.711 18.777 .003

  Insoluble dietary fiber 30.792(h) 2 15.396 17.192 .003

  Water holding capacity 1062.654(i) 2 531.327 866.529 .000

  Yield .007(j) 2 .004 110.333 .000

Intercept Viscosity 15530167.361 1 15530167.361 25943.667 .000

  L* 4523.908 1 4523.908 63429.145 .000

  a* 1190.250 1 1190.250 22238.426 .000

  b* 12205.094 1 12205.094 67626.574 .000

  Moisture 2.423 1 2.423 5739.184 .000

  aw 134.405 1 134.405 7295.829 .000

  Total dietary fiber 24620.748 1 24620.748 15503.707 .000

  Soluble dietary fiber 16497.690 1 16497.690 46163.167 .000

  Insoluble dietary fiber 810.351 1 810.351 904.870 .000

  Water holding capacity 50141.659 1 50141.659 81774.927 .000

  Yield 7.821 1 7.821 234640.333 .000
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Table A3. Continued 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Drying method Viscosity 607259.722 2 303629.861 507.224 .000

 L* 255.541 2 127.771 1791.455 .000

  a* 138.919 2 69.459 1297.768 .000

  b* 184.514 2 92.257 511.182 .000

  Moisture .011 2 .005 12.500 .007

  aw 10.735 2 5.368 291.362 .000

  Total dietary fiber 4.265 2 2.132 1.343 .330

  Soluble dietary fiber 13.421 2 6.711 18.777 .003

  Insoluble dietary fiber 30.792 2 15.396 17.192 .003

  Water holding capacity 1062.654 2 531.327 866.529 .000

  Yield .007 2 .004 110.333 .000

Error Viscosity 3591.667 6 598.611  

  L* .428 6 .071  

  a* .321 6 .054  

  b* 1.083 6 .180  

  Moisture .003 6 .000  

  aw .111 6 .018  

  Total dietary fiber 9.528 6 1.588  

  Soluble dietary fiber 2.144 6 .357  

  Insoluble dietary fiber 5.373 6 .896  

  Water holding capacity 3.679 6 .613  

  Yield .000 6 3.33E-005  
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Table A3. Continued 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Total Viscosity 16141018.750 9  

  L* 4779.877 9  

  a* 1329.490 9  

  b* 12390.691 9  

  Moisture 2.436 9  

  aw 145.251 9  

  Total dietary fiber 24634.541 9  

  Soluble dietary fiber 16513.255 9  

  Insoluble dietary fiber 846.516 9  

  Water holding capacity 51207.992 9  

  Yield 7.829 9  

Corrected  Viscosity 610851.389 8  

Total L* 255.969 8  

  a* 139.240 8  

  b* 185.597 8  

  Moisture .013 8  

  aw 10.846 8  

  Total dietary fiber 13.793 8  

  Soluble dietary fiber 15.565 8  

  Insoluble dietary fiber 36.165 8  

  Water holding capacity 1066.333 8  

  Yield .008 8  
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Table A4. ANOVA of properties of batter and fried chicken batter in batter formula A-H. 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Corrected Viscosity 36205762.500(a) 7 5172251.786 21588.529 .000

Model Pick up of batter 1153.111(b) 7 164.730 145.042 .000

  Water retention capacity 560.149(c) 7 80.021 354.849 .000

  L* 119.291(d) 7 17.042 320.030 .000

  a* 6.093(e) 7 .870 56.533 .000

  b* 4.890(f) 7 .699 27.080 .000

  Crust 118.593(b) 7 16.942 144.977 .000

  Fat 222.378(g) 7 31.768 54.911 .000

Intercept Viscosity 110725104.167 1 110725104.167 462156.957 .000

  Pick up of batter 17183.667 1 17183.667 15129.963 .000

  Water retention capacity 86681.028 1 86681.028 384380.599 .000

  L* 167454.262 1 167454.262 3144680.969 .000

  a* 61.504 1 61.504 3994.848 .000

  b* 4345.427 1 4345.427 168454.601 .000

  Crust 12620.672 1 12620.672 107999.761 .000

  Fat 20538.765 1 20538.765 35500.927 .000

Batter Viscosity 36205762.500 7 5172251.786 21588.529 .000

formula Pick up of batter 1153.111 7 164.730 145.042 .000

  Water retention capacity 560.149 7 80.021 354.849 .000

  L* 119.291 7 17.042 320.030 .000

  a* 6.093 7 .870 56.533 .000

  b* 4.890 7 .699 27.080 .000

  Crust 118.593 7 16.942 144.977 .000

  Fat 222.378 7 31.768 54.911 .000
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Table A4. Continued 

Source Dependent Variable Sum of Squares df Mean Square F Sig. 

Error Viscosity 3833.333 16 239.583    

  Pick up of batter 18.172 16 1.136    

  Water retention capacity 3.608 16 .226    

  L* .852 16 .053    

  a* .246 16 .015    

  b* .413 16 .026    

  Crust 1.870 16 .117    

  Fat 9.257 16 .579    

Total Viscosity 146934700.000 24     

  Pick up of batter 18354.950 24     

  Water retention capacity 87244.785 24     

  L* 167574.405 24     

  a* 67.843 24     

  b* 4350.729 24     

  Crust 12741.134 24     

  Fat 20770.400 24     

Corrected Viscosity 36209595.833 23     

Total Pick up of batter 1171.283 23     

  Water retention capacity 563.757 23     

  L* 120.143 23     

  a* 6.339 23     

  b* 5.303 23     

  Crust 120.462 23     

  Fat 231.635 23     
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Table A5. ANOVA of shear force and color of fried battered and breaded chicken formula A-H.  

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Corrected  Shear force 819675.872(a) 7 117096.553 1.612 .168

Model L* 1224.082(b) 7 174.869 77.965 .000

  a* 15.335(c) 7 2.191 1.617 .166

  b* 16.224(d) 7 2.318 1.414 .234

Intercept Shear force 840185808.072 1 840185808.072 11564.910 .000

  L* 127494.585 1 127494.585 56843.506 .000

  a* 4012.410 1 4012.410 2961.477 .000

  b* 46531.498 1 46531.498 28388.812 .000

Batter formula Shear force 819675.872 7 117096.553 1.612 .168

 L* 1224.082 7 174.869 77.965 .000

  a* 15.335 7 2.191 1.617 .166

  b* 16.224 7 2.318 1.414 .234

Error Shear force 2324786.518 32 72649.579  

  L* 71.773 32 2.243  

  a* 43.356 32 1.355  

  b* 52.451 32 1.639  

Total Shear force 843330270.463 40  

  L* 128790.440 40  

  a* 4071.101 40  

  b* 46600.173 40  

Corrected  Shear force 3144462.391 39  

Total L* 1295.855 39  

  a* 58.691 39  

  b* 68.675 39  
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Table A6. ANOVA of sensory score of fried battered and breaded chicken formula A, B, D 

and H. 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Corrected  Appear 2.067(a) 3 .689 .580 .629

Model Color 4.825(b) 3 1.608 1.243 .297

  Hardness 3.492(c) 3 1.164 .812 .490

  Oiliness 17.492(d) 3 5.831 4.389 .006

  Taste .292(e) 3 .097 .095 .963

  Overall 4.092(f) 3 1.364 .901 .443

Intercept Appear 6106.133 1 6106.133 5140.141 .000

  Color 6264.075 1 6264.075 4840.991 .000

  Hardness 5005.208 1 5005.208 3491.306 .000

  Oiliness 5699.408 1 5699.408 4290.275 .000

  Taste 6409.408 1 6409.408 6232.115 .000

  Overall 6063.408 1 6063.408 4007.723 .000

Batter formula Appear 2.067 3 .689 .580 .629

 Color 4.825 3 1.608 1.243 .297

  Hardness 3.492 3 1.164 .812 .490

  Oiliness 17.492 3 5.831 4.389 .006

  Taste .292 3 .097 .095 .963

  Overall 4.092 3 1.364 .901 .443

Error Appear 137.800 116 1.188   

  Color 150.100 116 1.294   

  Hardness 166.300 116 1.434   

  Oiliness 154.100 116 1.328   

  Taste 119.300 116 1.028   

  Overall 175.500 116 1.513   
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Table A6. Continued 

Source Dependent Variable Sum of Squares df Mean Square F Sig.

Total Appear 6246.000 120    

  Color 6419.000 120    

  Hardness 5175.000 120    

  Oiliness 5871.000 120    

  Taste 6529.000 120    

  Overall 6243.000 120    

Corrected  Appear 139.867 119    

Total Color 154.925 119    

  Hardness 169.792 119    

  Oiliness 171.592 119    

  Taste 119.592 119    

  Overall 179.592 119    

 

 

 

 

 

 

 

 

 

 






