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Effect of High Hydrostatic Pressure on Physicochemical and
Functional Properties of Millet Flour
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Abstract: Millet was treated at 600 MPa for 15 min and 30 min, respectively (millet: water=1 : 1 or
1 : 2 (w/w). The effects of different treatment conditions on physicochemical and functional properties of
millet flour were investigated to provide a theoretical basis for optimizing the quality characteristics of millet
powder. The results showed that high hydrostatic pressure (HHP) treatment affected the morphology, particle
size, and crystal characteristics of the four different millet powders. The morphology of starch particles in the
whole flour changed from a scattered irregular sphere to complex and bonded to block structure with other
substances, and the average particle size decreased significantly. The overall particle size shrank, and the
crystal structure changed from natural A type to B type. The effect on the microstructure was particularly

significant when the ratio of millet to water was 1 : 2. The dynamic rheological tests showed that G’ and tand
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of millet paste after HHP treatment were higher than those of original powder, and G” was lower than that of

original powder. The results showed that HHP treatment could improve the elasticity and viscosity of millet

starch, and this technology could be used as an effective physical modification method to improve the

physical properties of millet powder.

Key words: high hydrostatic pressure; millet flour; microstructure; rheological roperties
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Table 1 Granule size distribution of foxtail millet powder after different HHP levels

LbFE4 O~4pm  4~10pm  10~20 pm  20~30 pm

>30 pm

D10/um D50/pum D90/pum C.V./um S.D./um

JEKY  3.56+0.04° 19.80+0.20° 28.59+0.23% 15.23+0.08¢ 32.81+0.39" 7.09+£0.03* 20.05+0.22* 49.20+0.15* 11.73+0.08" 25.12+0.09*

600 MPa

15 min  5.69+0.03° 26.20+0.07° 33.24+0.04° 15.49+0.03° 19.39+0.05° 5.73+0.02° 15.25+0.03¢ 39.38+0.00° 9.20+0.03° 19.29+0.03°

1:1

600 MPa

30 min - 5.59+0.03* 28.16+0.11° 35.06+0.04° 13.97+£0.05° 17.2240.10° 5.75+0.01° 14.24+0.04° 37.84+0.10° 9.15+0.04° 18.38+0.05°

1:1

600 MPa

15 min  5.68+0.10° 25.44+0.02° 33.65+0.08" 15.75+0.03° 19.47+0.02° 5.75+£0.04° 15.49+0.02° 39.41+0.00° 9.24+0.04° 19.40+0.02°

1:2

600 MPa

30 min  5.63+0.06" 25.41+£0.03° 35.1140.04* 15.91+0.04* 17.934£0.03° 5.82+0.02° 15.25+0.02° 37.69+0.04° 9.22+0.07° 18.86+0.01°

1:2

T B P EpR e 22 R0 s [ — S AR A B2 5 (P<0.05); D10, D50, D90 435 s ki /N T fE A JUk: o
BBURIIY 10% ., 50%. 90%; C.V.: (KFUFIHRIAR; S.D.. REBUFERAR,

Note: The results are the means of three replications + standard deviations. Means with similar letters in a column do not differ
signifificantly (p<0.05); D10, D50 and D90 respectively represent 10%, 50% and 90% of the total particles with a particle size smaller than

this value; C.V.: volume average particle diameter; S.D.: surface area mean particle size,
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V. R AEECE*30005 A K ; B: 600 MPal5minl : 1; C: 600 MPa30minl: 1; D: 600 MPa15min 1 : 2; E: 600 MPa

30min 1 : 2,

Note: The magnification powerx3000; A:nature; B: HHP treatment at 600 MPa for 15 min of millet to water is 1 : 1; C: HHP treatment

at 600 MPa for 30 min of millet to water is 1 : 1; D: HHP treatment at 600 MPa for 15 min of millet to water is 1 : 2; E: HHP treatment at

600 MPa for 30 min of millet to wateris 1 : 2.

1 AEBEESGLERR/NKNEHEERE

Fig.1 Scanning electron micrographs of foxtail millet powder with different HHP levels
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%, RORDEE I Bk A B T 522
FHRZ, W] BEAEVE B oK % ik 530
2.3 [EEBEMLIE

VE KR 43 T ) UL e 4 R A 45 R T SE et 4T
A 1047 em AT 022 em O EERY I
(ESRTTEE, JLLOER A, SR TR A b
ME 2 Al%, e EAHER 4 47Kk FTIR
FEVEN B EAHL, R &R AR AR T
Wi, (HOGIE 2 ) Ve A 5 B A e 25 5, XL e
ety LAEEESR . WK 2 B, EMHEKS
B, 1047 cm'/1 022 em " Ab W OGRE LA BEAL PR
A RE R TR IS, FREHAE SR ARG OO R, isf(a]
P R RALFR A OR o ZEAR IR R, 1047 em '/
1022 em™' Kb RE A Bt 2 7K 43 B A 3 i it
AR, BRI BB, 8 AL X JE 4 4

— 8 —600302 --600152
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B2 AEBEESFLERNRBOEERIMEILE
Fig.2 FTIR spectra of foxtail millet powder with
different HHP levels

x2 TAEBBEEGT/MNEMRELELE
Table 2 IR ratiol047 cm™'/1022 cm™ of foxtail millet
powder with different HHP levels

APy LTAMEAE 1 047cm™'/1 022 cm™!
JFky 1.047 5+0.01°

600 MPa 15 min 1 : 1 1.033 8+0.00°

600 MPa 30 min 1 : 1 1.032 5+0.00°

600 MPa 15min 1 : 2 1.027 1+0.01°

600 MPa30min 1 : 2 1.025 6+0.00°

T BRI EEbR e 22 %R, Al — SR ] 5 Bh A 2
2 5 (P<0.05),
Note: The results are the means of three replications +

standard deviations. Means with similar letters in a column do not
differ signifificantly (P<0.05).
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STEEIE 3 Fras,  EIG T S R AT A AR
SRR 3, RV IKTE THLALEY A B X T2k
TSI, BITE 20 A 17°H1 1824045 B i A BUS
FRHEAT ST HLAE 15901 2344 B — g it
= AL P 30 min FYRESL, 7E 20 ik 15°, 17°,
18°F 23 4b A G g i 3 R 30 i s T 555 Y L 42
LU B B K 43 FE 3G v s o MoK K H 1
1: 1, 7820 /2R 15°, 17°, 18°F1 23°kb AT
ST U SR R i Ak 3 S () P SN I R AEG , AELAE 2040 /Y
TSP BERNIG R . A3 IR, AL EE A T
HEEEM-IRRE GBI, &L FE 20240

fi g 5k J3E 3 i U R AL B YR S, 15O
23°HT B IR FE VR 55, 17°F 18T Al XU AE 1701}
HIE—A A, SR B A ALY, H 4
2 7R R A SRR R 2 o B X S K T R R 4
( P<0.05 ).
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TR B /cps
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fistsarze
3 AEBEESMGLERE/NES X-S15T5 Bk
Fig.3 X-ray diffraction patterns of foxtail millet powder
with different HHP levels

*3 AEBEEZGLER/NEH X-FERITHSH
Table 3 X-ray diffraction parameters of foxtail millet powder treated with different HHP levels

26 Ab i Gt g AL/ T [R] B (A)

ib B 2] 150 17° 18° 20° 23° HRTE 1%
5K 15225.81)  17.91(5.12)  1830(4.86)  21.19(4.39)  23.43(3.84) 34.82+1.46°
600 MPa 15 min 1 : 1 15.68(5.78)  18.00(5.09)  17.82(4.92)  20.07(4.42)  22.58(3.85) 15.36+1.21°
600 MPa 30 min 1 : 1 15.08(5.84)  17.47(5.18)  18.56(4.91)  20.39(4.34)  23.37(3.88) 10.20+0.93¢
600 MPa 15 min 1 : 2 1421(5.83)  1829(5.09)  17.86(4.89)  21.69(437)  23.46(3.85) 14.87+1.34°
600 MPa 30 min 1 : 2 15.10(5.84)  17.50(5.13)  24.56(4.92)  1820(4.47)  21.90(3.87) 7.1340.88°

T B PR R 22 2R, W — SRR 7 i B2 S (P<0.05).

Note: The results are the means of three replications + standard deviations. Means with similar letters in a column do not differ

signifificantly (P<0.05).
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A: G'rheological diagram when millet to wateris 1 : 1; B: G" rheological diagram when millet to wateris 1 : 2; C: tand rheological

diagram

& 4
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Fig.4 G'. G” and tan8 versus frequency curves of foxtail millet powder with different HHP levels
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