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Abstract: This study investigated the chemical composition, viscosity changes and processing characteristics of the whole wheat flours
with different particle sizes, in order to provide a theoretical basis for the application of whole wheat flour in food processing. The results
showed that the whole wheat flour samples with various particle sizes had insignificantly different ash contents but significantly different protein,
fat and starch contents. The whole wheat flour with the particle size <100 um had the highest protein and fat contents (15.34% and 2.25%,
respectively), with the four with the particle size of 300~600 pm having the lowest protein content (10.91%), and the flour with the particle
size >1430 pm having the lowest fat content (0.81%), respectively. The highest starch content (66.23%) was found in the sample with the largest
size (>1430 pm), with the others flour samples showing in significant differences. In addition, the content of damaged starch in whole wheat
flour increased gradually with the decrease in particle size. When the particle size was reduced from>1430 pm to <100 pm, the content of
damaged starch in whole wheat flour increased from 0.28% to 4.79%. In terms of processing characteristics, the reduction of particle size
from>1430 pm to <100 pm increased the viscosity of whole wheat flour, and raised the water-holding and oil-holding abilities by 33.19% and
39.32%, respectively, and increased the solubility and swelling degree. In the meantime, the decrease in particle size of whole wheat flour could
improve its freeze-thaw stability, and made the water separation rate at the initial stage of a freeze-thaw cycle reduce effectively from 68.67%
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(>1430 um) to 48.69% (<100 um). These results indicate that inappropriate particle size of whole wheat flour (too large or too small) could have

negative influences on the nutrition and processing characteristics of whole wheat flour, and it is possible to ensure the nutritional properties

while improving the processing quality of wheat products through monitoring precisely the particle size of whole wheat flour.
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Table 1 Particle size distribution of whole wheat flour

¥ S/um D, 3/um D;,/um Dx(10)/um Dx(50)/um Dx(90)/um Span
<100 73.76+2.20° 27.49+1.41° 16.78+0.98¢ 65.40+2.45¢ 144.12+2.99¢ 1.95+0.05°

100~300  282.78+6.53°  68.60+£10.65°  32.73+9.39°  270.79+6.15°  513.06+5.07°  1.78£0.07°

300~600  747.18+5.62°  128.9149.30°  379.91+12.56°  738.81+5.87°  1214.60+19.70°  1.13+0.03°

600~1430  1641.53£1425" 121.13£19.26" 950.01427.32"  1616.10£14.44" 2519.4749591°  0.97+0.09°
>1430 -

7 : Dx(10). Dx(50)F= Dx(90)& T s Z a0ty Rt B A 4L E] 10%. 50%A= 90%AT Fr st B2 #4242 Dx(S0)BP #4okifz, 4k

BARETH4AE, Dy AARBAART A, Dy, A ABARAACTE M, Span AFRAHSEEIFRE, F—F1ZH, FFIE
AT RSB AA REN £ R, p<0.05. "R EAME.
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Table 2 Chemical composition and damaged starch content of whole wheat flour

Haim  EAOSE% A EY%  E5AEY% RS EY%  BBEHESEY%
<100 15344025  2.25+0.07* 207+0.16°  63.25£0.06% 4.79+0.08°
100~300  12.60+£0.16°  1.40+0.03° 2.0540.18°  58.77+0.27° 1.99+0.03°
300~600  10.91+0.25%  0.84+0.01¢ 1.55£0.10°  58.73+1.81° 0.99+£0.01°
600~1430  13.5140.12°  1.12+0.03° 1.9240.06°  58.56+3.12° 0.51+0.03¢
>1430 12.924037°  0.81+0.01¢ 1.60£0.11°  66.23+0.95° 0.28+0.06°

E: BP0, KRB FEA T RSN A B E M E R (p<0.05), Fik#dEFZit,
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Fig.1 The viscosity curves of whole wheat flour with various
particle sizes
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Table 3 Characteristic values of the viscosity curves of whole wheat flour samples

#MIum  APC B/BU C/BU D/BU E/BU F (BU) BD/BU ED/BU
<100 51.0413%  87.040.0°  81.0£0.0° 73.5+2.1° 124.040.0° 125.542.1° 13.0+1.4°  50.5+2.1°

100300  64.143.2°  43.0£0.0*  38.0£0.0° 43.0£0.0° 85.5+2.1°  87.0+0.0° - 42.0+1.4®

300~600 84.5+2.8°  17.0+0.0° 10.5+2.1° 17.040.0° 41.040.0°  42.0+1.4° - 23.0+0.0°

600~1430 2 27.0+12.1% - - 33.7+10.1°  35.7+8.7° 33.7+10.1°
>1430 - - - - - -

E: A ARMIRE, C; B: MAiAE, BU; C: #HRZE 95 Ce945E44, BU; D: 95 CHRims kute95:/Z, BU; E: &R %
50 CH49%6E, BU; F: £4%:%, BU; BD: #iffMl, BU; ED: ®A 4, BU; “kaAited. B—FXH, REDBFEETR

Fl#EZ 0 LA R &M £ 7 (p<0.05).

HIE 3 FTRAE Y, /N2 e i M e 5 Hokids
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FERAK (51.0 °C), st BEHE /N et L Y
Ko ANZE A LR RSB T v, EIBRBERIAL o
AR L S AR LT 46 ETHI HOURLEE,  HAEA 5 e
BRI RN IR DR B AR 0, RARIEL N /N
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Fig.2 Water-holding and oil-holding abilities of whole wheat
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FEK PRI N Aok B B T, T e
AT LB B EEN S ENE . Bl 2a W%, B
EFANERRRAAE K, HEKMEEEREIGES . Rig
<100 pm /NEZAR IR IELIN 7.17 g/g, B3 TR
# 100~300 pm 1 300~600 pm /N4 (51N
591 g/g f16.16 g/g), MMKifF 600~1430 pm 5>1430 pm
(/N2 Ak IR K PE R (4l 5.03 g/g F 4.79
g/g). IXT]REFRANFIRAR /N Ay R # 7
HR. WNE 2 Fi, KifE<100 um /NESRIBEHRTE
e sim GEF4.79%), SREH K E 100~300
pum A1 300~600 pm B, BEAGER R L EFIKER

1.99%F11 0.99%, 2.3 & TRAR T KIS INE 28
(43518 0.51%11 0.28%) o X i /NS K I
Sk & B R IEAS, X 5B SR s
B8, WAFRAR N R ERIF FURIL, B
AN PR R S R T, KRR X
BT RAR R B RGRIKEE ST, TG I/NGE AA)
(ISR R ST L RE K . EAh, /N2 AR IRE
IR SR TRARSE, LB /INE 4ok L
TAGER K, LR 57K etk 784y, AR P
@j_\‘[ﬂ]o

H1 P 2b AT, /N2 AR (1R 14 S K A
e % . Rife K/ N 100~300 pm £ 300~600 pm [£)/)
AR RS (08 1.17 g/g F11.16 g/g),
FHUKRRIAZE<100 pm F/hE44r (1.06 g/g), kiR
N 600~1430 pum SHRiEN>1430 um [/ 4R REm
PEFEAIG, 43515 0.84 g/g #10.71 g/g. BEE KR I,
N ARy R VIR AT 4 R R 2 AR M R, A
TS N A BRI RE 1SR Ak, Bl
BRI Ak T HAT & A MR, femmddt
RS &Y, TS B R R,

26 BREEFRKE

AR PR R P 2 SR Sk RN ZKAH ELAE FH /N
HIEEIR. M 3a ITH1, /INEAR VA IRIE SRS %
RS MR 55 CHmEE] 65 C, Frfkift /g
R RNERREY BT, TR 75 CHE, /NEAH
AR SRR G. MEER 75 CE—SiREE
85 ‘CAHI95 CHY, /N4 IIEMRFE SOZWH S 1X
5 /NG AR R 32 B R e RN B (R TEAN RN
(IRARIEA 50 ZINZETENT IRITA A T B U P2 R T v i 4
K, KA THEREA S, ERTBOKERK, JEhs
TIBHHT AT K, SIARERERE BRIEm,
NI EREN. BEEASEARA .
MR AT S A R AR IR R, & R i A T
wEFLRG MR, ARITEARSKS FAHBAE
SR T . B S /K A BLAEH X 2 PEAS
TERRIOK Sy, R R A —E FAEIE R . M
MR R T AR R, AR, 5TasiE
SERITEIR, INEBIIBK AR R TR, 2 FHENTR 51 &
R R R FRARPO. A5 SCHRRIE N P R R AR
BEAMATEREZ A 68.01 “CHI166.81 TR, H i,
75 CH /AN ARy b R AR M, 7EK R v i
B 65 CHIFRMG, A5/ N AR T B 25 M1
T 65 C. HiRETHEZE 85 CM95 C, HEHAMEK
(AR ELAE S, A SE kv i s E - o Rk,

177



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

BER BN A VA FE IR B T i IR,
re HVERTA R EESE oM. BEAh, NEATRI R
JZ 5 HRiAR BRI, BIAR K /N2 SV e B U
AR A/ RARIINZE A R 5 5K S, AENIK
HEFERICRE TP IZAK, 58 2 I B B Ry A S B
TERD I IS TRAE , MZAK A A UKL Tk g 21K o
SEN MR,

N IR EE RN BT S T e
TOKKIER, VTN TER AR ) — AN
FRbr, 5 SRS, i 3b AT
R, AN A AR S IR BLEA R &R,
HIBEE IR AT, N KA EZHTE K. X
R R BE BRI AN/ N 22 Ak IVBUK e S e [
I /N2 e I I B SRiAR R/ AR, AR
RIVINZZ EAIEKEDBAR, I RE2 RO RIAR R
N AR KRR TR BV, WOKREIEE. Rk
SR R INFAIRLRE DL R BRI/ N 22 A OREAR B RE A ROt
/N AR IR o

a 357 <100 pm
-e-100-300 pum
28 --300-600 pm
~-600-1430 um
s oL -=>1430 um
X
g
=
(. a
O 1 1 1 1 1
55 65 75 85 95
R/ C
b 15 +<100 um
- 100-300 pm

12 4300-600 pm
~-600-1430 um

S 9F  =>1430um
i
3_
O 1 1 1 1 1
55 65 75 85 95

R/ C
& 3 NEHREZENESHETELRE R RE B KE
Fig.3 Solubility and swelling power of whole wheat flour in
different particle sizes at different temperatures
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Fig.4 Freeze-thaw stability of whole wheat flour in different
particle sizes
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