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Abstract

Using an air-classification system equipped with both ultra-fine grinding and air-classification, wheat bran was ground
at a mill grinding speed of 3,800, 4,800, 5,800 rpm and a separator reverse wheel speed of 2,500, 3,000 and 3,500
rpm. Ground bran was air-classified with a reverse wheel speed of 200, 400 and 600 rpm. The effects of mill grind-
ing, separation, and classification wheel speeds on the characteristics of air-classified bran were examined by a three-
level, three-factor full factorial experimental design and a response surface regression analysis. The highest value of
the object variables was determined via canonical analysis. For the fraction ratio of classified bran products, both the
fine and coarse fraction of brans were significantly affected by the mill grinding speed (p<0.01), separator reverse
wheel speed (p<0.01), and air-classification reverse wheel speed (p<0.01). For average particle sizes of classified bran
products, the fine fractions were significantly affected by only the air-classification reverse wheel speed (p<0.01),
whereas the coarse fractions were affected by the mill grinding speed (p<0.01) and the separator reverse wheel speed
(»<0.01). With regards to the total dietary fiber of classified bran products, the fine fraction products were affected
by the mill grinding wheel speed (p<0.01) and the air-classification reverse wheel speed (p<0.01), while the coarse
fraction products were affected by the mill grinding speed (p<0.01), separator reverse wheel speed (p<0.01) and the
air-classification reverse wheel speed (»p<0.01). The optimal conditions for the highest total dietary fiber content, low-
est average particle size and highest classification ratio in wheat bran were a 5,500.3 rpm mill grinding speed, 2,500
rpm separator reverse wheel speed and a 600 rpm air-classification reverse wheel speed, in which the total dietary
fiber content was estimated to be 39.52 g/100 g in coarse fraction.
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Table 1. Coded level for independent variables use in experimental
design.

Levels
-1 0 1
3,800 4,800 5,800
2,500 3,000 3,500

200 400 600

X, Independent variables

X, Mill grinding speed (rpm)
X, Separator reverse wheel speed (rpm)
X, Air Classification reverse wheel speed

(rpm)
white)o] 713 AHESILE
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Fig. 1. Schematics of ultra-fine grinding and air-classification
system.
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Fig. 2. Diagram of ultra-fine grinding and air-classification

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

response surface analysis.

Coded level"

Fine fraction?

Coarse fraction”

X X X Class.iﬁcation Aver'age particle Total dietary Class'iﬁcation Aver.age particle Total dietary
! 2 3 ratio (%) size (um) fiber (g/100 g) ratio (%) size (pum) fiber (g/100 g)

-1 30.04+1.38" 118.9+1.42 33.40+0.87 69.96+1.38 547.9+1.74 58.24+0.42

-1 0 17.73+1.81 60.09+1.72 33.40+0.44 82.27+1.81 599.6+2.04 54.63+0.38

1 17.27+1.16 57.97+1.55 32.78+0.62 82.73%1.16 514.1£1.92 53.54+0.29

-1 23.93+1.12 101.6+1.45 31.16+0.33 76.07+1.12 540.2+1.47 55.18+0.34

-1 0 0 20.03+1.33 41.95+1.88 32.51+0.47 79.97+1.33 545.8+1.11 53.75+0.27
1 23.00+1.12 62.92+1.47 32.744+0.49 77.00+1.12 523.7+1.27 52.62+0.48

-1 19.26+1.80 95.36+1.59 32.8440.72 80.74+1.80 569.8+1.44 55.374+0.51

1 0 15.43+1.94 37.55+1.81 31.66+0.43 84.57+1.94 605.8+1.21 51.03+0.37

1 9.85£1.99 43.9+1.14 30.84+0.44 90.15+1.99 565.3+1.44 53.49+0.29

-1 35.27+£2.03 104.7+1.44 36.71+0.27 64.73+2.03 460.6+1.27 56.80+0.61

-1 0 24.55+1.88 54.05+1.27 34.09+0.39 75.45+1.88 432.0+1.80 55.67+0.72
21.26+1.74 47.254+2.07 30.45+0.38 78.74+1.74 437.7+£2.17 57.04+0.41

-1 37.42+1.27 119.5+1.92 39.23+0.44 62.58+1.27 415.9+1.47 56.34+0.55

0 0 0 28.40+2.07 49.66+1.48 35.66+0.73 71.60+2.07 410.2+1.24 54.53+0.72
1 24.88+2.01 51.8142.37 33.40+0.71 75.1242.01 414.5+1.35 54.49+0.58

-1 21.00+1.79 111.9+2.21 34.51+£0.35 79.00+1.79 448.0+1.42 53.69+0.67

1 0 12.90+1.82 46.42+2.44 33.46+0.36 87.10£1.82 491.5+1.18 55.13+0.49

1 15.80+1.45 42.07+1.74 29.82+0.54 84.20+1.45 465.5+1.27 54.29+0.44

-1 57.89+1.44 129.242.08 42.87+0.25 42.11+1.44 413.7+1.81 60.99+0.38

-1 0 39.36+2.57 68.84+£1.98 34.61+0.77 60.64+2.57 405.2+1.22 58.30+0.72

1 39.58+2.25 62.21£1.49 34.12+0.32 60.42+2.25 422.542.47 58.16+£0.77

-1 51.94+1.98 101.5+1.46 42.7740.84 48.06+1.98 385.4+2.41 57.00+0.48

1 0 0 48.55+1.88 52.5141.27 37.44+0.63 51.45+1.88 315.6+2.29 54.62+0.44
1 23.50+£2.52 48.1+1.28 38.58+0.72 76.50+2.52 316.9+3.21 56.16+0.83

-1 39.07+1.88 87.01+2.21 38.64+0.24 60.93+1.88 380.0+1.41 57.19+£0.72

1 0 34.56+2.71 52.46£1.92 37.04+0.39 65.44+2.71 309.8+2.28 55.51+£0.28

1 28.24+2.44 40.09+1.48 35.08+0.68 71.76+2.44 357.1£2.74 54.14+0.44

DX, : Mill grinding speed (rpm), X,: Separate reverse wheel speed (rpm), X;: Air classification reverse wheel speed (rpm)

IMean=SD, p<0.05



ZUEd 7N AlEes BYd W Euel

b 2715 0 umollA 2,000 pm'H 2ol A A A &S T}

=l D-|c->r oo =T
B3 A8 & Ao]ds TS AOACS] W (1977)S
ol&3le] AUt A8 12 77| HlFo] Wi, pH

6.09] A4rHFE&A 50 mLS ¥ F 0.1 mLe] a-amylase
s 95°C oA 1587 WA AT A& Y7t
% pHE 75+027} H%= 0275N NaOHZ 7}38+ o}, o
ol 34 E 5mg/mLe proteaseE zZ}z}e] H]AO| W
60°C 2o 3087 vHEAI & AL W7ks &)
Tt pH 4.0~4.6°] HES 0325M HCIS Yo &
0.1 mL®] amyloglucosidaseE EAFU3L 1 F 30

AFTE W& W71 915t 95%2] dee-S ¥Wo £
L2 A FRES BXS el Hr]E ARESte] o3t

F105°C9] dry ovenollA] Ax 2 FFAA Ha AL %

ol
5 K

=in}

A
()

o
oo

gl

2 2% thg Aol wple) vz ug F3S S
gtol 7 gk tel Aol M WS SHsA,
20l Azl

G712 A5 B 2 B1RF 2ANSO BE F%
el WsE 247 9193 A dd AL ofe)
AHgSGoR B 8 BT TNl mE GEAPRe

E/J-2 SAS program(Statistical Analysis System, ver 9.3,
SAS Institute Inc., Cary, NC, USA)3} ©]UY e (Minitab,
release 17, Minitab Inc., State College, PA, USA)= A}&-
Sle} APALY WS HARAOR EARY U TH
4512 d=agich MSEA EHo) SYHSE mil
grinding speed(X,), separate reverse wheel speed(X,), air
classification reverse wheel speed(X3)°]U3], ZF Hees -,
0, 19] Al 74 FFo2 F353} s} k(Table 1). ¥Hs-
F(Y)E 7 F8=0] &+ ¥, Fadah F 2ol
e st Al 7 S-EEX,, X, X))l tig
A SRR A ()2 2o,

Y=b+b, X, +b,X,+b;X;+b, X X, +b, ;X X +b), X, X b, X 2
+b22X22+b33X32 &

g

d 189

J

rlo
i
)
E
>
QCT‘
rir
i)
e

A71M Ye WHERE, X, X, X,
b2 37 At

ot nF
2 HlE
7152 BH71E o3k B4 ZA(mill grinding speed,

severate reverse wheel speed)? 37135 Z7](air classification

reverse wheel speed)dl] WE Fw &9 WHEEH 4 A}
= Table 2, tF5-3] 4 (multiple regression analysis)Z Z+=
Table 39} 2t} &5 ¥E£9 R= EF 0911 22 &2
AAAAE HoAFH A5 B2 oz ARE & ¢
AATE T3 FH 7] 3 , w7l E 3H S5, 37
7 2 IJd&E= o F&(p<0.05)S e
He HlE = Zo 7 et g
]

o
rol

2
4
il

rlo

r
1o e

T ood i b
a
N
rr

T 2 PE‘ H
EJ —
(i ig
NN
N
o 5 1

FlO rE Ol:O rlo
oo 1 oo 1o
=5
g

fo
>

H
N
g =
12 of
i)
B
ML
o
1o,
—x
o
2
=
ot

olo

o g
H
s
[¢]
N
:i
N
N
i)

=)
RV A
M
it oM oh
T
e
N,
oo,
o
2
ol .
ol
MLy
ol
lo o
N T
do
k)
%
=2

Mo o
ol

)
ki
N
-
o
kd
ol
N
He
e/l
it
ot
o
4
b
Ak
|
)
o o.
5

Table 3. Analysis of variance showing effects of treatment
variables as linear or quadratic terms and interaction effects on
response variables of classification ratio

Table 4. Polynomial equation calculated by RSM program for air-classified fraction of wheat bran.

Response

Degree of Fine fraction Coarse fraction
Source f
reedom  Fyalue Prov>F Fvalue Prov>F
Model 9 19.22  <0.0001 19.39  <0.0001
Liner 3 4994  <0.0001 50.32 <0.0001
Quadratic 3 5.32 0.0091 541 0.0085
Cross 3 2.41 0.1027 2.45 0.0984
R? 0911 0.911
Xl” 4 27.18  <0.0001 2742  <0.0001
X22> 4 7.38 0.0012 7.43 0.0012
X33) 4 10.50 0.0002 10.63 0.0002
X ,: Mill grinding speed (rpm)
YX,: Separate reverse wheel speed (rpm)
IX,: Air classification reverse wheel speed (rpm)
The second order polynomial” R?

Classification Ratio (%)
Fine

Y =-60.28889-0.0279X +0.10662X,-0.052X,+0.000005X,2-0.000019X,>+0.000049X.> 0.9105
Y,=228.2783+0.0102X,-0.0067X -

fraction AVerage particlesize (um) 4 50745 5 0000004, -+0.0000001X,>+0.000693X, 0.9364
Total dietary Fiber (/100 g)  Y,=-6.7915-0.005860X,+0.0354X,-0.0034X, 0.8461
Classification Ratio (%) Y,=161.6555+0.028X,-0.0177X,+0.0516X,-0.000005X,+0.000019X,2-0.00005X;>  0.9113

Tg:gf)f} Average particle size (um)  Y,=2098.299-0.1488X,-0.177X,-0.0215X,+0.00002X 2+0.000153X,%-0.000073X>  0.9327
Total dietary Fiber (/100 g)  Y,=89.2924+0.00088X,-0.0188X,-0.0374X, 0.8170

DX ,: Mill grinding speed (rpm), X,: Separate reverse wheel speed (rpm), X;: Air classification reverse wheel speed (rpm), Y=b,+b,X,+b,X,+b, X+

b]2XlX2+b]3X1X3+b23X2X3+b1 ]X]2+b22X22+b33X32
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Fig. 3. Response surface plot of fine (a) and coarse (b) fraction
classification ratio as input function of mill and air classification
reverse wheel speed at constant separate revers wheel speed
(3,000 rpm).
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Table 5. Analysis of variance showing effects of treatment
variables as linear or quadratic terms and interaction effects on
response variables of average particle size.

Source Degree of Fine fraction Coarse fraction
freedom  Fyalye Prov>F  Fvalue Prov>F
Model 9 27.83  <0.0001 2620  <0.0001
Liner 3 6442  <0.0001 70.86  <0.0001
Quadratic 3 18.73  <0.0001 4.94 0.0121
Cross 3 0.33 0.8025 2.80 0.0716

R? 0.9364 0.9327

X" 4 0.26 0.9015 55.61  <0.0001
X,? 4 3.81 0.0217 4.98 0.0077
XY 4 58.79  <0.0001 0.45 0.7686

UX,: Mill grinding speed (rpm)
PX,: Separate reverse wheel speed (rpm)
?X,: Air classification reverse wheel speed (rpm)
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Fig. 4. Response surface plot of fine fraction average particle
size as input function of separate reverse wheel speed and air
classificatory reverse wheel speed at constant mill grinding
speed (4,800 rpm).
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Fig. 5. Response surface plot of coarse fraction average particle
size as input function of separate reverse wheel speed and mill
grinding speed at constant separate reverse wheel speed (3,000

rpm).

Table 6. Analysis of variance showing effects of treatment
variables as linear or quadratic terms and interaction effects on
response variables of total dietary fiber.

S Degree of Fine fraction Coarse fraction
oW freedom F value Prov>F Fvalue Prov>F
Model 9 10.38  <0.0001 8.43  <0.0001
Liner 3 2524  <0.0001 21.80  <0.0001
Quadratic 3 3.07 0.0560 278  0.0727
Cross 3 2.84 0.0691 072  0.5541

R? 0.8461 0.8170

X" 4 15.03  <0.0001 7.18  0.0014
X2 4 227 0.1045 7.52  0.0011
XY 4 8.19 0.0007 4.81 0.0089

YX,: Mill grinding speed (rpm)
?X,: Separate reverse wheel speed (rpm)
IX,: Air classification reverse wheel speed (rpm)
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Fig. 6. Response surface plot of fine (a) and coarse (b) fraction
classification total dietary fiber as input function of mill
grinding speed and air classification reverse wheel speed at
constant separate reverse wheel speed (3,000 rpm).
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Fig. 7. Optimization plot of fine (a) and coarse (b) fraction
classification total dietary fiber, average particle size and
classification ratio as input function of mill grinding speed (X)),
separate reverse wheel speed (X,) and air classification reverse
wheel speed (X;).
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