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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 (H,0,) solution at different concentration (1, 2, 3 % v/v),
temperature (30, 60°C) and times (1, 2, 3 h) showed that total color difference (AE) of product
increased with the increase of concentration, temperature and time but the viscosity decreased.
Therefore, bleaching with 1% (v/v) H,0, 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
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Chemical composition %* %o**
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Protein 3.75 4.47
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Table 2. Concentrations and functionality of ingredients used in batte

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

117 : Fiszman U@z Salvador (2003)
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Table [.[Formulations of batter.

CMP* Wheat Tapioca Backing Salt Water
Formula

((3) Flour (g) Flour (g) powder (g) (® (2
A 0 &9 6 4 1 150
B 0 &9 6 4 1 150
C 0.25 &9 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
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Table 4. Effect of extraction conditions on yield of extracted crude malva nut.

Yield of crude malva nut (%)*

Time Temperature
Dried malva nut :water
(h) (°C)
1:50 1:75 1:100
6 30 53.32+0.12™"° 53.68+0.24™" 53.53+0.19™"
60 53.60+0.98™" 53.44+0.34™"° 53.69+0.30™"
80 52.01+0.10™" 52.08+0.49™" 52.15+0.12""
12 30 53.24+0.24"¢ 52.59+0.04*" 52.79+0.33*"
60 51.50+0.48™" 51.34+0.71™" 51.83+0.66™"
80 50.60+0.23™" 50.93+0.36"" 50.32+0.97""

* mean+SD from 3 replicates
" in the same row indicated non-significantly differences (p>0.05)
™ in the same row indicated significantly differences (p<0.05)

A5 in the same column of each time indicated significantly differences (p<0.05)
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Wiy (Brooks and Moore, 2000; Mussatto ef al., 2008) G3annsanendvessedingliun

4 9} e Q' 4 e a o { g
Yuld TagszAuaMUYNNIUAINTZAUBDNTFIAFUTNFIVY (Rutenberg and Solarek, 1984)

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

malva nut.

Condition Color*** Viscosity***

Temp. (°C) Time (h) H,0, (%) L* a* b* (AE) (cPs)
Control** 0 0 26.38 20.38 38.69 - 1865.00+5.00
30 1 1 29.28 18.96 42.56  5.05+0.10" 1843.33+10.41°
2 30.50 1838 43.42  6.59+0.23"  1835.00+5.00°
3 31.80 18.83 44.60  8.17+0.20°  1785.00+8.66"
2 1 3195 1845 4433  8.16+0.16°  1776.67+7.64°
2 3348 19.03 44.18  9.07+0.11"  1760.00+5.00°
3 3532 18.54 4507 11.13+0.12°  1753.33+7.64"
60 1 1 4471 1244 43.63 20.5840.30" 981.67+10.41°
2 46.71 11.68 42.65 22.46+0.30°  943.33+7.64°
3 48.77 10.45 41.55 24.66+0.56°  915.00+5.00"
2 1 49.04 10.62 4026 24.73+0.09°  920.00+5.00°
2 50.94 943 39.55 26.90+0.06"  863.33+7.64"
3 52.89 8.19 3834 29.18+0.12°  815.00+10.00"

** no bleaching
*** mean+SD from 3 replicates

> in the same column indicated significantly differences (p<0.05)
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Figure 2. Color of crude malva nut before (A) and after (B) bleaching with 1 % hydrogen

peroxide solution at ambient temperature.
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Table 6. Main properties of crude malva nut powder (CMP) by different drying method.

Drying method
Properties**
Freeze drying  Drum drying Hot air drying
Physical
Viscosity (cPs) 1530.00+5.00°  948.33+20.05"  1462.50+37.00"
L* 29.05+0.39° 16.0140.21° 22.20+0.13°
a* 16.29+0.29° 6.67+0.20" 11.54+0.20"
b* 40.99+0.64° 30.53+0.33" 38.96+0.16"
Water activity 0.48+0.02" 0.51+0.01" 0.56+0.02°
Chemical
Moisture (%) 2.62+0.05" 3.70+0.21° 5.28+0.10°
Total dietary fiber (%) (dry basis) 51.34+2.23" 52.91+1.42" 52.66+1.12"
Soluble dietary fiber (%) (dry basis) 44.17+1.39" 41.21+0.37" 43.06+0.21°
Insoluble dietary fiber (%) (dry basis) 7.17+0.85" 11.70+1.05° 9.60+1 33°
Functional
Water holding capacity (g/g CMP) 85.36+0.42° 59.75+0.98" 78.81+0.84"

** mean+SD from 3 replicates
" in the same row indicated non-significantly differences (p>0.05)
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B: Drum drying

b

C: Hot air drying

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

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

Formula CMP(g) Wheat Flour (g) Viscosity (cPs) Pick up of batter (%) WRC (%)
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B 0 89 1272+7.64° 22.38+0.89" 58.7620.28°
C 0.25 89 2720+27.84" 31.09+1.27° 63.78+0.36"
D 0.25 79 1567+7.64" 23.00+0.47" 56.8240.24"
E 0.25 69 783+12.58" 17.80+1.61° 51.77+0.91"
F 0.50 89 4928+17.56" 40.88+0.74° 68.44+0.20°
G 0.50 79 2753+7.64' 32.19+0.78° 64.17+0.18°
H 0.50 69 1705+13.23° 23.25+1.63 58.30+0.73°

* mean+SD from 3 replicates

“'in the same column indicated significantly differences (p<0.05)
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Table 9. Color of batter containing crude malva nut powder (CMP).

CMP Wheat Flour Color of batter**
Formula
(2 (® L* a* b*
A 0 89 86.91+0.13° 0.87+0.08" 14.06+0.09"
B 0 89 86.89+0.23° 0.89+0.15" 12.73+0.19°
C 0.25 89 83.81+0.26" 1.48+0.25" 12.9840.27"
D 0.25 79 83.62+0.24° 1.39+0.04° 13.2120.10%
E 0.25 69 83.56+0.18" 1.77£0.06° 13.34+0.05°
F 0.50 89 81.22+0.41° 2.04+0.07° 13.5240.08%
G 0.50 79 81.14+0.17" 2.05+0.07° 13.7940.17°
H 0.50 69 81.10+0.08" 2.3140.13° 14.02+0.20"

** mean+SD from 3 replicates

“"in the same column indicated significantly differences (p<0.05)
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Table 10. Properties** of fried batter products.

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

A 0 89 22.25+0.20°  24.42+0.74" 4697+298"
B 0 89 21.36£0.30°  27.12+0.87" 4489+213"
C 0.25 89 25.2540.21°  31.91+0.43° 4739+327"
D 0.25 79 22.29+0.08°  29.43+0.74° 4709+236"
E 0.25 69 19.55+0.17°  25.96+0.58" 4365+269"
F 0.50 89 27.12+0.43'  33.83+0.92° 4727+300"
G 0.50 79 25.77+0.47°  31.96+0.78" 4408+233"
H 0.50 69 21.86+0.57°  29.40+0.90° 4528+259"

* crude malva nut powder
**mean+SD from 3 replicates
" in the same column indicated non-significantly differences (p>0.05)

“'in the same column indicated significantly differences (p<0.05)
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Table 11. Color of fried batter products.

CMP* Wheat flour Color of product**
Formula
(2 (2 L* a* b*
A 0 89 59.97+1.98" 10.58+0.18" 35.5440.65"
B 0 89 61.75+2.56" 9.85+1.07" 34.84+0.41"
C 0.25 89 60.99+2.31" 10.25+2.07" 34.51+1.48"
D 0.25 79 56.41+0.88° 9.21£1.07" 33.95+1.30"
E 0.25 69 49.81+0.02° 10.83+1.34" 34.90+1.29"
F 0.50 89 60.23+0.59" 9.13+0.82" 33.25+0.94"
G 0.50 79 57.22+0.21° 10.66+1.23" 33.26+0.86 "
H 0.50 69 45.28+0.99" 9.62+0.50" 33.61+2.31"

* crude malva nut powder
** mean+SD from 3 replicates
" in the same column indicated non-significantly differences (p>0.05)

“*in the same column indicated significantly differences (p<0.05)
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A: Commercial formula B: Standard formula

D: 0.25¢g 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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Table 12. Sensory score* of fried chicken batter product.

Formula Appear Color Hardness Oiliness Taste Overall

A 7.30+0.75"7  7.47+0.90" 6.67£0.96  7.33£0.96°  7.30£0.99" 7.27£1.05"
B 713111 7.10+121"  6.20£1.21"  7.17+1.34"  7.23+0.73" 7.13+1.28"
D 7.1741.18" 7374121 6.43+133"  6.70+1.26"  7.33£0.92"  7.23+1.25"

H 6.93£1.26"  6.97+1.19" 6.53+1.25"  6.37+1.00°  7.37+1.33" 6.80+1.32"

* mean + SD form 30 panelist
" in the same column indicated non-significantly differences (p>0.05)

" in the same column indicated significantly differences (p<0.05)
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n10. M3AAHUSIaleerrinsnliazaresin (Insoluble dietary fiber) (A.0.A.C., 2000)
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p11. M3nnzyiSinaluerrinsnazaiesin (Soluble dietary fiber) (A.0.A.C., 2000)
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13, MIIATIZHANNMINTAIUMIANIN (Water holding capacity, WHC) (Tomotak ef al.,

2002)
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MARKIN A. MIRIUYTINUNANAN 1AZAUNUNMTOUIRITITOINI
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A4, AUNUMIHANT1IDINININMINMAIDUBUANSBY (Hot air drying)
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Table A1. ANOVA of crude malva nut yield extracted from different conditions.

76

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 25407 1 25.407 114.620 .000
Temperature 31.650 2 15.825 71.392  .000
Ratio 020 2 .010 .045 956
Time * Temperature 4376 2 2.188 9.871 .000
Time * Ratio 215 2 107 484 .620
Temperature * Ratio J14 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 (AE) and viscosity of crude malva nut bleaching

with different conditions.

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

Corrected Model AE 2723.321(a) 11 247.575 4413.532 .000
Viscosity 7136657.639(b) 11 648787.058  10738.544 .000
Intercept AE 9670.100 1 9670.100 172389.621 .000
Viscosity ~ 65542517.361 1 65542517.361 1084841.667 .000
Temperature AE 2517.363 1 2517.363  44877.232 .000
Viscosity 7062306.250 1 7062306.250 116893.345 .000

Time AE 117.433 1 117.433 2093.493 .000
Viscosity 43056.250 1 43056.250 712.655 .000
Concentration AE 80.626 2 40.313 718.661 .000
Viscosity 24088.889 2 12044.444 199.356 .000
Temperature * Time AE 5.168 1 5.168 92.131 .000
Viscosity 1167.361 1 1167.361 19.322 .000
Temperature*Concentration AE 2295 2 1.148 20.458 .000
Viscosity 3350.000 2 1675.000 27.724 .000
Time * Concentration AE 124 2 .062 1.101 .349
Viscosity 316.667 2 158.333 2.621 .093
Temperature * Time * AE 312 2 156 2.780 .082
Concentration Viscosity 2372.222 2 1186.111 19.632 .000
Error AE 1.346 24 056
Viscosity 1450.000 24 60.417
Total AE 12394.767 36

Viscosity ~ 72680625.000 36
Corrected Total AE 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
a 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 .007G) 2 .004 110.333 .000
Intercept Viscosity 15530167.361 1 15530167.361 25943.667 .000
L* 4523908 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 2423 1 2423 5739.184 .000
a 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




Table A3. Continued
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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* 138919 2 69.459 1297.768 .000
b* 184.514 2 92.257 511.182 .000
Moisture 011 2 .005 12.500 .007
a, 10.735 2 5.368 291.362 .000
Total dietary fiber 4265 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
a, 11 6 018
Total dietary fiber 9.528 6 1.588
Soluble dietary fiber 2.144 6 357
Insoluble dietary fiber 5373 6 .896
Water holding capacity 3.679 6 .613
Yield .000 6 3.33E-005




Table A3. Continued
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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 2436 9
a, 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
a, 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* 4.8390(f) 7 .699 27.080 .000
Crust 118.593(b) 7 16.942 144.977 .000
Fat 222.378(g) 7 31.768 54911 .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* 4345427 1 4345427  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




Table A4. Continued
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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* 15335 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 4825 3 1.608 1.243 297

Hardness 3492 3 1.164 812 .490

Oiliness 17492 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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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
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