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Abstract

Using an air-classifier system equipped with both ultra-fine grinding and air-classification, wheat bran was ground
at a mill speed (MS) of 3,800, 4,800, 5, 800 rpm and a separator reverse wheel speed (SRWS) of 2,500, 3,000,
3,500 rpm. Ground barn was classified by air classifier reverse wheel speed (ARWS) of 200, 400, 600 rpm. The
effects of MS, SRWS and ARWS on the characteristic of air-classified bran were examined by a three-level, three-
factor full factorial experimental design and a response surface regression analysis. The crude protein content was
11.87-14.08% in the coarse fraction. In addition, it was significantly influenced by the MS (P<0.05) and the SRWS
(P<0.01). The crude ash content was 4.08-4.79% in the fine fraction, and 3.51-4.24% in the coarse fraction. The
fine fraction had a significant probability (P<0.01) in terms of the MS, SRWS and ARWS. The coarse fraction was
influenced by the MS (P<0.01), SRWS (P<0.01) and ARWS (P<0.05). The fat content was 4.56-5.05% in the fine
fraction, which had a high significant probability (P<0.01) in terms of the MS, SRWS and ARWS. The total starch
content was 22.47-30.94% in the fine fraction, and 9.35-16.83% in the coarse fraction. In both the fine and coarse
fractions, the total starch content was significantly influenced by the MS and ARWS (P<0.01). The relationship
between the ultra-fine grinding air classification process parameters for wheat bran and the components of the frac-
tions were investigated in this study.
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Fig. 1. Diagram of ultra-fine grinding and air-classifier system
(Model DMC-5, Dachyun Eng, Korea).
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AA = Absorbance (reaction) read against the reagent blank.

100 (ug of D-glucose)

F: Absorbance for 100 g of glucose

FV: Final volume.
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Table 1. Coded level for independent variables used in experimental
design.

Levels
-1 0 1
X, Mill speed (rpm) 3,800 4,800 5,800
X, Separator reverse wheel speed (rpm) 2,500 3,000 3,500
X, Air classifier reverse wheel speed (rpm) 200 400 600

X, Independent variables

Table 2. Experimental data of wheat bran ground and classified under different conditions based on full factorial design for response

surface analysis.

Coded level" Fine fraction Coarse fraction
X X X Crude protein  Crude ash ~ Crude fat  Total starch Crude protein  Crude ash ~ Crude fat ~ Total starch
: g ’ (%0) (%) (%) (%) (%) (%) (%) (%)
-1 16.54+0.13  4.6240.02  5.9340.15  24.72+0.25 12.4840.04  3.7240.05  4.65£0.12  13.64+0.18
-1 0 17.65£0.12  4.7740.08  5.93£0.12  23.39+0.21 12.85£0.02  3.97+0.04  4.88+£0.11  12.48+0.14
1 16.10£0.11  4.31£0.07  5.60£0.11  22.90+0.17 12.9840.07  3.82+0.04  4.65+0.13  12.45+0.11
-1 17.49+£0.17  4.3040.08  5.80+£0.14  30.75+0.13 13.02£0.10  4.24+0.03  4.56+0.07  13.37+£0.24
-1 0 0 17.18£0.14  4.2540.08  5.82+0.11  29.42+0.14 13.2740.13  4.1740.05  4.58+0.12  13.42+0.17
1 16.73£0.13  4.11£0.07  5.63+0.11  28.12+0.21 13.53£0.09  4.24+0.02  4.58+0.09  13.85+0.23
-1 17.01£0.12  4.2540.07  5.7540.13  30.94+0.18 13.56£0.12  4.11+0.01  4.66+0.11  12.94+0.14
1 0 17.21£0.14  4.2940.03  5.77£0.14  30.86+0.10 13.50£0.13  4.14+0.04  4.68+0.07  12.76+0.09
1 17.1240.13  4.08+0.02  5.52+0.14  30.39+0.11 13.61£0.11  4.23+0.01  4.69+0.04  13.16+0.17
-1 16.26+0.15  4.73£0.07  5.88+0.13  24.91+0.13 12.1740.10  3.56+0.02  4.63+0.13  14.68+0.24
-1 0 16.85£0.12  4.79+0.03  5.97+£0.09  25.78+0.11 12.60+£0.11  3.75+0.03  4.77+0.12  12.72+0.11
1 16.40£0.11  4.63£0.03  5.73£0.14  22.81+0.14 12.35£0.14  3.80+0.05  4.74+0.07  11.65+0.13
-1 16.73£0.14  4.62+0.04  5.85£0.05  27.82+0.10 12.86+0.11  3.66+0.04  4.86+0.04  15.56+0.23
0 0 0 17.33£0.10  4.66£0.06  6.00+£0.14  27.07+0.07 12.9740.13  3.66+0.07  5.05£0.08  13.39+0.21
1 16.28+0.14  4.33+£0.03  5.79+0.04  24.77+0.09 12.66£0.10  3.70+£0.05  4.93£0.11  12.10£0.25
-1 17.11£0.11  4.48+0.07  5.65£0.12  30.42+0.12 14.08£0.09  3.68+0.04  5.01+0.07  16.83+0.17
1 0 16.89+0.13  4.45£0.01  5.62£0.10  28.81+0.14 13.3740.14  4.05£0.03  4.95£0.05  14.42+0.23
1 16.59+0.09  4.29£0.05  5.50+0.14  28.70+0.11 13.45£0.10  4.16+0.01  5.00+0.04  14.10+0.22
-1 17.41+0.14  4.58+0.01  5.62£0.07  29.01+0.13 12.16+£0.08  3.51+£0.05  5.00+0.11 11.79+0.21
-1 0 16.54£0.11  4.5740.04  5.67+£0.13  27.94+0.11 12.9240.11  3.56+0.07  4.94+0.13  11.73+0.17
1 16.4740.13  4.49+0.01  5.50+0.03  22.47+0.07 11.87£0.10  3.65+0.02  5.04+0.10 9.35+0.18
-1 16.99+0.10  4.65+0.04  5.69+0.07  29.85+0.03 13.38£0.13  3.83+0.08  4.93£0.09  13.83+0.22
1 0 0 17.6540.10  4.7240.07  5.76+0.03  26.50+0.12 12.884£0.12  3.84+0.04  5.01+0.10  13.34+0.20
1 16.8740.12  4.60+0.03  5.58+0.11  26.00+0.21 12.89+0.05  3.91+£0.04  4.89+0.11 12.6+0.07
-1 17.3840.13  4.53£0.02  5.73£0.13  27.45+0.08 13.594£0.10  4.00+£0.07  4.70+0.13  14.20+0.24
1 0 17.1240.11  4.3740.05  5.67£0.15  28.64+0.24 13.33£0.07  4.05£0.03  4.56+0.11  13.15+0.13
1 16.76+0.14  436+0.03  5.43+0.13  28.64+0.19 13.38£0.04  4.05£0.04  4.69+0.14  12.15+0.15

UX,: Mill speed (rpm), X,: Separator reverse wheel speed (rpm), X;: Air classifier reverse wheel speed (rpm).
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Fig. 2. Response surface plot of crude protein, crude ash and
crude fat content in fine (a) and coarse (b) fraction as input
function of mill and separator reverse wheel speed at constant
air classifier reverse wheel speed (400 rpm).
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Table 3. Polynomial equation calculated for chemical composition of air-classified fractions of wheat bran.

Response” The second order polynomial® R?

Crude protein (%) _Y,=14.93+0.007X,+0.000001X *-0.000009X° 0577

Fine Crude Ash (%) Y,=4.20+0.000822X,-0.001X,+0.00087X,-0.0000001X,%-0.000002X,’ 0.810
fraction  Crude fat (%) Y,=2.68+0.000522X,+0.001365X,+0.00183X,-0.000001X12-0.000001X,?-0.000003 X, 0.818
Total starch (%) Y,=19.3+0.0299X,-0.0141X,-0.000003X, X,+0.000008X, X, 0.863

Crude protein (%) Y.=11.22-0.00144X,+0.00157X,-0.000001X,X, 0.832

Coarse  Crude ash (%) Y,=6.76-0.001931X,+0.00089X,+0.00039X,+0.000001X * 0.800
fraction  Crude fat (%) Y,=1.83+0.001710X, 0.487
Total starch (%) Y,=17.1+0.00745X,-0.0031X,-0.000001X,*+0.000001X, X, 0.800

Y ,:Crude protein of fine fraction (%), Y,:Crude ash of fine fraction (%), Y;:Crude fat of fine fraction (%),
Y ,:Total starch of fine fraction (%), Y5:Crude protein of coarse fraction (%), Y,:Crude ash of coarse fraction (%),

Y,:Crude fat of coarse fraction (%), Y:Total starch of coarse fraction (%).

2X,: Mill speed (rpm), X,: Separator reverse wheel speed (rpm), X;: Air classifier reverse wheel speed (rpm).
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Table 4. Analysis of variance showing effects of treatment
variables as linear, quadratic terms and interaction effects on
response variables of crude protein.

LTE Hf EaEel 2 54 395

Table 5. Analysis of variance showing effects of treatment
variables as linear, quadratic terms and interaction effects on
response variables of crude ash.

S Degree of Fine fraction Coarse fraction Degree of Fine fraction Coarse fraction
Ouree  freedom Source freedom
F value Pr>F F value  Pr>F F value  Pr>F F value Pr>F
Model 9 2.58 0.044 9.37 <0.001 Model 9 8.04 <0.001 7.30 <0.001
Liner 3 3.37 0.043 2492  <0.001 Liner 3 18.54  <0.001 18.01 <0.001
Quadratic 3 4.25 0.021 0.61 0.617 Quadratic 3 4.06 0.024 3.58 0.036
Cross 3 0.11 0.955 2.56 0.089 Cross 3 1.51 0.247 0.30 0.826
R? 0.577 0.832 R? 0.810 0.800

X, 4 0.01 0.913 4.51 0.049 X" 4 16.77 0.001 16.53 0.001
X, 4 4.09 0.059 70.01 <0.001 X, 4 27.30 <0.001 32.26 <0.001
X, 4 6.02 0.025 0.25 0.626 X, 4 11.54 0.003 5.24 0.035

D' Mill speed (rpm), Separator reverse wheel speed (rpm), Air classifier
reverse wheel speed (rpm).
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Table 6. Analysis of variance showing effects of treatment
variables as linear, quadratic terms and interaction effects on
response variables of crude fat.

Fine fraction

Source Degree of Coarse fraction
freedom  Fyalye  Pr>F F value Pr>F
Model 9 8.51 <0.001 1.79 0.144
Liner 3 15.21 <0.001 2.90 0.065
Quadratic 3 9.23 0.001 1.49 0.253
Cross 3 1.10 0.375 0.99 0.421

R? 0.818 0.487

X," 4 10.09 0.006 8.31 0.010
X, 4 12.46 0.003 0.29 0.599

X, 4 23.08  <0.001 0.10 0.761

DMill speed (rpm), Separator reverse wheel speed (rpm), Air classifier
reverse wheel speed (rpm).
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Table 7. Analysis of variance showing effects of treatment
variables as linear, quadratic terms and interaction effects on
response variables of total starch.

Source Dfegree of  Fine fraction Coarse fraction
reedom  Fyalye  Pr>F F value Pr>F
Model 9 11.88  <0.001 7.14 <0.001
Liner 3 27.07  <0.001 13.15 <0.001
Quadratic 3 1.80 0.186 5.09 0.002
Cross 3 6.79 0.003 3.16 0.033
R? 0.863 0.800

X, 4 0.94 0.345 3.05 0.099

X, 4 63.46  <0.001 15.46 0.001
X, 4 16.81 0.001 20.95 <0.001

" Mill speed (rpm), Separator reverse wheel speed (rpm), Air classifier
reverse wheel speed (rpm).
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Fig. 3. Response surface plot of total starch content in fine (a)
and coarse (b) fraction as input function of mill speed and air
classifier reverse wheel speed at constant mill speed (4,800
rpm).
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