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Abstract: To investigate the effect of electron beam irradiation (EBI) on the structure, physicochemical properties, and
cooking quality, this study applied electron beam irradiation at different doses (0, 3, 6, 9, and 12 kGy) to proso millet. The

crystalline structure, short-range ordered structure, amylose content, damaged starch content, pasting properties, thermal
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properties, solubility, swelling power, cooking characteristics, and textural properties of proso millet were measured. The

results showed that EBI destroyed the crystalline structure of proso millet. As the irradiation dose increased, the relative

crystallinity significantly decreased from 19.46% to 11.76% (P<0.05), accompanied by a reduction in amylose content from

4.93% to 2.25% and an increase in the amylose index from 75.86% to 76.53%. Consistent with these structural alterations,

EBI led to a substantial decline in the pasting properties, thermodynamic transition temperature, and swelling power

(P<0.05). In contrast, the solubility increased considerably (P<0.05). These changes collectively contributed to an improve-

ment in cooking quality, after 12 kGy irradiation, manifested by a reduction in the hardness and chewiness of the cooked

proso millet by 54.93% and 81.02%, respectively, and an 285.44% increase in soluble solid content. EBI effectively im-

proved the processability of proso millet, making it more suitable for making porridge with a thick texture and soft taste.

The results revealed the influence of EBI on the quality of proso millet. It provides a scientific basis for the application of

EBI in the efficient preservation and high-value processing of grain. Besides, this study is of great practical significance to

promote the sustainable development of the proso millet industry.
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3.0 g MMALER A SR AR, JITA 120 mL HOZE4%
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Fig.1 XRD patterns (A) and FT-IR spectra (B) of proso millet
after electron beam irradiation
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FEXTEE b SE I L2 1, ARFR IR B K (0 kGy) 19
FHXT LS SN 19.46%, £8id 3. 6.9, 12 kGy HLFHR
B RE A B, RO 14 AH X 4 B 4 ) IR =
18.42%. 16.91%. 14.60% F1 11.76%., H, T J4% g
AbFRG K AF N2 U s B AR 45 5 . 3X
A BB L TR B AR 00 R TR TR 4 TE)
PRPHIE R, SR DA AR T2, e AT 7 45 AR B
IR, BRSBTS, E R .

1 LT IR B R ORI S TR EE L R 471000 ELEEVERD
B A A TE R 5 B2 (1 5 )
Table 1 Effect of electron beam irradiation on the relative
crystallinity, R o47/1020- amylose content, and damaged

starch content of proso millet

LG N E PO AT R HEEIE SR TEM RS
(kGy) (%) 104771022 (%) (%)

0 19.46£0.13*  0.826+0.006°  4.93+£0.13*  75.86+0.03¢

3 18.42+0.09° 0.836+0.001°*  3.28+0.07°  76.17+0.02°

6 16.91£0.28°  0.846+0.007*  3.36+0.08°  76.23+0.07°

9 14.60+£0.06°  0.852+0.000®  2.21+0.13°  77.05+0.14°

12 11.76£0.28°  0.859+0.004*  2.25+0.07°  76.53+0.04°

TE: A =3 AR/ NG B RoR 22 5 8.3 (P<0.05), #2~3R51].
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fif e B0tk vy, SRR S PR vEAR SRR .
1 iR, i FHREBACTETS, KE KA TEREES
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50% Fl1 90% Bsf BTk 7 FORiAs(E . e 2 A%, i+
PR ARG RN E] 12 kGy B, KEK D, 5, Dyo-
Dy, Al Dy, 53 B I\ 75.49, 6.64, 62.17 Fl1 169.19 um
HWiNZ 94.30. 11.73. 86.76 F1 187.05 pm, i FL F= 10
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S REACTRE, REOKR ARSI N, X T RER R
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Table 2  Effect of electron beam irradiation on particle size of proso millet

iR s (kGy) D(y3)(pm) L FH A (m%g) D,o(pm) Ds,(pm) Dyy(pm)
0 75.49+2.82% 4666.54+81.82° 6.64+0.10° 62.17+3.16° 169.19+4.85°
3 78.60+4.75% 4215.83+74.29% 7.86+0.19" 69.14+7.38® 165.47+5.84°
6 71.43£1.17° 4093.62+214.91® 8.99+1.03" 64.52+0.39° 144.84+1.90°¢
9 85.12+12.01® 3678.55+£566.28" 10.64+2.59% 77.28+16.34% 170.66+13.85°
12 94.30+6.23" 3364.61£363.41° 11.73£2.07° 86.76+10.51° 187.05+2.52°
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Table 3  Effect of electron beam irradiation on pasting properties of proso millet
R IR (kGy) WEHZRBE (cP) AHEFEEE (cP) AHE (cP) AR (cP) HER ) BILIREE(C)
0 868.57+16.07° 438.67+8.62° 430.00+4.51° 742.33+14.01° 303.37+5.51° 77.10+0.05°
3 553.00£6.93° 296.00+5.57° 257.00+4.36° 469.67+6.11° 173.67+0.58° 77.08+0.03°
6 433.67+11.85¢ 197.33+2.08° 236.33+9.81° 298.00+2.65¢ 100.67+1.15¢ 77.10+0.05°
9 242.00+7.00° 85.67+1.53¢ 156.33+5.51¢ 138.33+2.89¢ 52.67+1.53¢ 77.07+£0.12°
12 167.33+3.51° 50.67+0.58° 116.67+3.06° 85.33+1.53° 34.67+1.15¢ 77.07+£0.07°

T T 2 R (P>0.05) o R AR AL Zh B R AR ER
AR R H TR FRAL BRI = 3E | ORI/ N K AR
FPA261 o BRSO EEUK R B TE R R AR 1 B 47
TEEWT RS, PP AT /N T R BT R ER T AR RS
, PTG I T R ECK A A vl R DY) & &, 5230
WAL ZE B BRARUTY, A, ARG Xue 5P7 Y HF 5T 4
I, Mg AR AL R 25 ok 3R T 5 S AH W] H
faf, FTAH R EL AT =Z [T A HE R RN, TE8 43— Thl i AE
HAEFH I8 HI55, P HE— 25 REIR T IR R R AL FS
B RN RECKR ARG R P B 9 T e
BE, BT REFCOR TR . S T dm Ie b 3
J& , K A fRE W 25 R AIR (P<0.05) , R W] 4w Rt kb
PRS0 REORAE 52 3G R TP R 2 T8 4 i A dse L2 44
Rk, RIS IBESE M. A BRI
KEARESI I TEZESEL . R RO Il A B i 2
AT ARG IR FK (P<0.05), A THRARARAENS A
RYAELE K A D A R, X 4 i SRR e
HAFWAEN.
2.7 BFREBRNAERBRNDZFER

FE, - T A IR DR i > A g 2 AR P Y 5 e T
4, REFIEREK (0 kGy) AR ISGTREE (To) . (.
#5E (Tp) TG HRE (Te) 43512~ 70.12., 75.50 FI
86.53 °C, HL T o4 ME AL i 25 RAAIL T R BEKAY To.
Tp Fll Tc(P<0.05), HFFAREEE 5 i g FGRIEIE
FESG . HLFIRERIBALIEES, RECKR TP EN 22 RUBESS 14
PAEALALFE TR ISR SCEETEMEE TR . 4505
LEA AR, EAEVE R IR S I TCE T X i v 2,
IXLE R F AT G R BOR BT 22 By A8 fh .
ks (AHDARFRIER R i A2 SIS e a7 4514
fRHEFIIE B TRT (U REE . BEFE T G R S AR
i, RECKIIAH 23880 R RS, BB F R IR
A R ) R I BT R A RE e T /b, TR S5 M
b XA HEIE B Sy g B | A S B e A I T

T4 TR I ORI 2R 5
Table 4 Effect of electron beam irradiation on thermal
properties of proso millet

RIEFE (KGy)  To(%C) Tp(°C) Te(C) AH(J/g)
0 70.12+0.05*  75.50+0.14"  86.53+0.14* 8.11+0.07"
3 69.62+0.29"  74.79+0.24° 83.40+£0.46° 7.85+0.01°
6 69.55+0.59" 74.57+0.34% 83.39+£1.26° 7.60+0.83°
9 69.50£0.17° 74.36+0.37* 81.91+0.84° 7.28+0.10°
12 68.72+0.14°  74.16+0.22° 81.71£0.27° 6.87+0.02°

24, SURTE LS ShES MR, BRI AR A1k
KRS,
2.8 HEFREBREXAEKSHEEFRK DS
VERRIEE FRE K 102 I BRGEN 55 7K 4T AH BAE
M E SRR W 2(A) PR, R5EIEKEK (0 kGy)
PVA R IR (6.81%) , ZeFL T A4 RE AL PR, K
K BT AR RE B 2N (P<0.05), 12 kGy %5 BEALFRAY
ICE K PP 35 37.21%, —J7 T, B T 4@ IR
FIWr T IR P IER /7 Z (A e, S BE s>
TR SCHETE R REWTRY, T 22 5 BRI AN
Sy, T T R EOK A i) 55— T,
B TR FE AR T TER IO SE R SE A, (dT R S
TR Do o, PR AR 0 1 R 3EER TR
WK R 053§ 4544, (8 Z2 IREE T Y, $2 s AR
JEIAZK-GRE T T, BRI BEOK IR

REZRK 1 (g/g)

0 3 6 9 12
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Pl 2 H o B R BRI R B (A) R K 1 (B) 52
Fig.2 Effect of electron beam irradiation on solubility (A)
and swelling power (B) of proso millet
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Table 5 Effect of electron beam irradiation on cooking characteristics and textural properties of proso millet

IR (KGy)  WUKFE(%)  AAMEEDEY & (%) i (g) MELA 1 S i 5953 M [m] 5 1
0 211.37+0.01° 4.7420.17° 5241.87£61.01*  350.55:16.79" 0.25+0.00° 1410.19£78.48* 0.27+0.02° 0.13+0.01°
3 190.75+6.34° 8.42+0.35°¢ 3855.69+41.04°  401.26£29.17* 0.34+0.24*  1169.69+3.79°  0.30+0.00°  0.12+0.00°
6 175.815+0.11° 12.79+1.34° 3113.98+43.84°  249.00+£13.22° 0.29+0.29°  847.39+12.14° 0.27+0.00° 0.10+0.02°
9 165.32+2.46° 15.06+1.32° 3022.59+28.83¢ 133.81£1.04*  0.23+£0.23° 578.59+11.73%  0.19+0.01° 0.08+0.00°
12 140.14+0.54° 18.27+0.99* 2362.50+104.61¢  66.55+4.16°  0.18+0.18%  379.59+19.33°  0.16+0.02% 0.07+0.00°
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