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Abstract: In order to solve the problem of rancidity of rice polishing powder and improve its physicochemical properties,
the effects of twin-screw extrusion under different extrusion temperatures on the storage stability and nutritional properties
of rice polishing powder were studied. Under the optimum extrusion temperature, the rice polishing powder (SR-1, SR-2,
SR-3, and SR-4) with different particle sizes was prepared by low temperature impact mill (LTIM) under different air
classifier speeds (300, 600, 1200, and 1800 r/min). The effects of the air classifier speed on volatile aroma compounds and
physicochemical properties of rice polishing powder were studied. The results showed that the lipase activity of rice

polishing powder decreased significantly from 12.94 mg/g to 2.18 mg/g after extrusion treatment. Stored at the 150th day,
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the fatty acid value of untreated rice polishing powder was 255.57 mg KOH/100 g, while the fatty acid value of the

extruded sample was only 121.90 mg KOH/100 g. After extrusion treatment, dietary fiber, y-aminobutyric acid, and y-

oryzanol in rice polishing powder were also well retained. LTIM promoted the release of volatile aroma compounds in rice

polishing powder, and SR-3 had the highest concentration. Based on the partial least square discriminant, 9 differentially

labeled components were screened according to the importance projection of variables, and it was confirmed that SR-3 had

the strongest flavor. With the decrease of particle size, the specific surface area of rice polishing powder gradually

increased, and the bulk density showed a decreasing trend. The whiteness index increased significantly from 66.08 to 76.61.

Water absorption ability and solubility increased significantly from 1.77 g/g and 24% to 2.37 g/g and 31%, respectively.

Fourier transform infrared spectroscopy analysis showed that LTIM destroyed hydrogen bonds in starch particles, resulting

in more free hydroxyl group exposure. The results can provide a theoretical basis and technical support for the processing of

high-quality rice polishing powder.

Key words: rice polishing powder; stabilization; superfine grinding; nutritional properties; physicochemical properties
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Fig.1 Schematic diagram of low temperature impact milling
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extrusion temperatures
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Table 1 Changes of fatty acid value of rice polishing powder under different extrusion temperatures in 150 days (mg KOH/100 g)
fift T a] (d)
T
0 30 60 90 120 150
ER 17.66+0.07* 162.22+1.17* 193.79+1.19* 205.31+1.18* 238.56+1.05° 255.57+1.33°
ER-120 17.17+0.04"™ 50.62+0.17% 80.17+1.27° 88.98+0.83" 112.34+1.35° 129.914+0.82°
ER-130 17.35+0.11° 51.31+0.21° 77.37+0.73° 84.89+0.69¢ 111.18+1.42° 129.8140.62°
ER-140 17.57+0.18* 50.52+0.29% 72.63+0.85¢ 78.65+0.35¢ 104.80+0.95° 131.49+0.37°
ER-150 17.66+0.08" 50.43+0.28"™ 67.42+1.37° 73.23+£0.35° 94.20+0.48" 126.67+0.36
ER-160 17.15+0.10¢ 49.64+0.24° 68.33+0.36° 72.38+0.60° 92.48+0.35¢ 121.90+0.34°

TE: R B A I EbR 22, Rl — S AR =B s Bl ) BT 4 (P<0.05)

2 AEFFRIRE T IO s F s & &t
Table 2 Nutrient contents of rice polishing powder under different extrusion temperatures
. FEh
EIFRWGY
ER ER-120 ER-130 ER-140 ER-150 ER-160
JER (/100 g) 54.91+0.28° 53.64+0.10° 53.57+0.04° 53.72+0.02° 53.79+0.04° 53.84+0.04"
HEF(g/100 g) 13.09+0.07° 12.52+0.04° 12.4240.03 12.2620.06° 12.2240.04° 12.2240.02°
Kl (2/100 g) 13.070.33* 12.3241.20° 12.54+0.08" 12.62+0.27" 12.74+0.37" 12.2240.30°
A 4E(g/100 g) 5.31+0.88" 5.70+0.66" 5.50+0.28" 6.0420.19° 4.83+0.85° 4.75+0.88"
K43 (2/100 g) 9.70+0.12° 11.73+0.26" 12.080.09" 11.92+0.29" 12.08+0.09* 12.04+0.02
K43 (/100 g) 3.04+0.04° 2.94+0.10° 3.1240.01° 2.960.16° 3.05+0.01° 3.07+0.05°
7- 23 TR (mg/100 g) 30.55+0.78° 30.71£1.45¢ 31.26+1.12¢ 31.97+1.00° 36.70+0.56" 39.22+0.78°
y-2+4EZ (mg/100 g) 67.63+0.99° 68.07+0.62° 66.59+1.24% 66.58+0.99% 66.15+0.87% 64.39+0.86°

TE: R R A F R BRI, [F—FT AR PR B bAoA Rk (P<0.05)
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X SR TH R R T A SR R 8y Y )
AEMEIR AR TP W LT A R BUOR BT 2R, Al S Bl
SRS, RSS! i AE ) — B, SR BR
BEAHE, BFRIRE 160 °C FAL B FER A A -
FHTRSEBEEINT 2.65 mg/100 g, ER &
- S HEZE S HN 67.63 mg/100 g, BEE BRI )E T
= A YRR T RN i 3 R RR(P<0.05), iX
R T AR XN R AR TR, 7R
kN AT AR R M, (R s, R &
AR YERA IR, L5 b, BrERIRE 150 °C 4514
ARSI ORI G it R R MR AT, HL - ST
T2 . p- AR ARG B LT AR R BB 44T
2.3 RRREEI KM E SHRAIE

2 3 N RGTPHUANR L R IO R b4
RS B i . AR T 22 R E MRS
Yy, Fudh o PSS | 5 RS 3 Fhmsds | 2 P2k
G LRSS 1 AP ER S AT 1 P A AL S
&l 3A Ras AT HEMASRIFE 3T KRRy 45 &

PR SR, AHER T SR HE 4, SR-1., SR-
2 F1 SR-3 £ 5 7 o v I35 & MR SAL G 9 Ak
B, H. SR-3 H%f5, i SR-4 FEML B EEA I P, 45
RFHH, SiLgumri Jr =00 L, AR ahs s a8 )T
TR B BRI RERR, I H 23 A L
7 1200 r/min FA ) THER RS TR

SR A Be /N3 H1 51 53 M2 (PLS-DA) LhEE T
R ST RMASFFL R IO e F Aty 2
5o WiE 3B Ui, AN RAENSAR I 1L IX 434521
), FETRE S XK AL B3 22 7. TEAAR Y
H, sE LSRR AT AT 36 KRB R 2 SO R L%
W IR MER ARG, Kb, A28 E G R
R’X(cum)=0.986, HAFEALG FREL R7Y (cum)=0.942,
W BE J1 F5 AR ©*(cum)=0.938, — I\ Ky, O* Fil
R* KT 0.5 H48r 1 8552 uEmfand B, ik, i PLS-
DA 43 #7 7 B A A @ 1% PLS-DA A5 55U B P 450 155
AR, PEAT T A I DA BG UEASORY (g T S A R vk
(E 3C), 43R Bt 200 A2 X HE)S, O° fEim

£ 3 BEISTYAUREFEE T SRR PR RSN &/
Table 3 Content of volatile aroma components of rice polishing powder under different air classifier speeds
W (ug/kg)
P & CAS LRI WEME VIPMH R
SR SR-1 SR-2 SR-3 SR-4
[E2S
Al IEC 66-25-1 790 20.86+0.63° 22.96+1.29* 17.90+1.21° 16.05+0.58¢ 7.66+0.23°  **  (.840 LS
A2 PR 111-71-7 1280 2.62+0.15* 1.59+0.25" - - - w0965 BRI, HIAE . 5Lk
A3 FE 124-13-0 1376 1.97+0.65° 2.64+£0.75" 1.55£0.70° 1.77+0.09® 1.41+0.10° ns  0.734 #7E. HH. JEIIR
A4 T 124-19-6 1482 23.2+1.22° 31.6+0.40° 22.17+0.59" 30.99+0.13% 18.99+1.10° ** 1253 Lo M. MGk
A5 (E)-2-Pefits 18829-55-5 1296 2.43+£0.35° 1.92+0.09° 1.49+0.32° 2.53+0.18° 5.02+0.32°  **  1.190 HEIUTZS
A6 RR-2-T-ME 18829-56-6 1498 1.40+0.38% 2.87+0.05° 1.89+0.31° 3.43+0.13* 3.41+0.33"  ** 1004 75, BN
A7 W R F i 98-01-1 834 233+0.16° 0.35+0.01° 1.50+0.1° 2.25+0.37° 1.01+0.31° ** 1381 A1, fabEk
A8 2R 100-52-7 1435 5.67+0.61° 5.98+0.52° 5.97+0.24° 8.23+0.29° 8.18+0.34"  **  (.855 IR IRR
A9 3,4, TR 5973.71-7 1692 0.47+0.08° 0.81+0.04° 0.38+0.04° 1.48+0.34° 1.78+0.16°  ** 1005 AL, A¥1. fifwk
Rk
Bl =g 112-40-3 1400 9.41+0.89° 2.67+0.07° 1.32+0.18° - - 0,968
B2 1-2F0, 6- - 13151-10-5 952 0.26£0.12°  0.39+0.19° - - - * 0 0.872 BERHIT
B3 D-Frihi 5989-27-5 1204 - 29.66+1.54° 14.72+£0.62° 85.31+£1.82° 9.36+0.18"  ** 1354  FriE. MG
B4 HIFRRT I 694-87-1 1220 3.17+0.58" 2.46+0.38° 1.55+0.17° 1.40+0.22° 0.44+0.1° ** 0786
B5 X ApAEIR 99-87-6 1252 - 1.2740.07° 0.76+0.23° 0.30+0.26° - #1134 iR
224
C1 IEC B 111-27-3 844 1.99+0.21° 2.52+0.44° 1.47+0.41° 1.19+0.03 0.89+0.06° *+ 0728 M. 1. EHH
c2 143t 3391-86-4 1380 7.8140.85% 4.58+0.7% 3.48+0.31° 5.66+0.89" 5.68+0.2°  ** 1329 AL IR
C3 RS 98-00-0 893 0.55+£0.13% 0.30£0.04° 0.97+0.06 2.06+0.74" 1.39+0.15* *x 0916 FefE. . Lk
KA
DIl 2-I3 Lk 3777-69-3 1352 5.44+0.38° 11.27+£1.44° 1.88+0.08° 5.72+0.09° 2.43+0.16°  ** 1120 [INEENE
D2 23-TEAAIRIE 496-16-2 1438 0.36+0.05° 0.36+0.05° 0.52+0.15™ 0.66+0.14® 0.75£0.06°  **  0.640 LS
[iEES
El 5-PE2-Mil, 6-F3E- 110-93-0 1242 0.77+0.09® 0.94+£0.17° 0.70+0.09® 0.62+£0.18" 0.71£0.10® ns  0.880 FRRALIR
FES
F1 YRR THER  131-11-3 2048 0.14+0.03¢ 1.23+0.18° 1.23+0.15° 2.18+0.17° 3.29+020°  **  (.850
oAy
Gl 2-FEI-4- 25K 7786-61-0 1864 1.05+0.12° 1.21+0.17° 1.61+0.22° 1.97£0.31* 2.10£0.10° ** 0670  f6/E. HLEBK

s RPBAE R VA EEbR 2, AT AN A T RER R B R BAT 3 (P<0.05); “—"FOR KA “ns” FORBEA E M " FIRP<0.01; “**7F

7RP<0.001,
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Fig.3 Total concentration of volatile aroma compounds (A),
PLS-DA analysis (B), and displacement test cross-validation (C)
of rice polishing powder under different air classifier speeds
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Fig.5 Bulk density of rice polishing powder under different air
classifier speeds
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polishing powder under different air classifier speeds
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Fig.7 Water absorption ability and solubility of rice polishing
powder under different air classifier speeds
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Microstructure of rice polishing powder under different air classifier speeds (100x)
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powder under different air classifier speeds
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