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Effects of Electron Beam Irradiation on Physicochemical Properties
and Edible Quality of Highland Barley Rice
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Abstract: In order to assess the impact of electron beam irradiation on the physicochemical properties and
edible quality of highland barley rice, an investigation was conducted to identify the optimal irradiation dose

is B H: 2024-07-01
HEemB: hhg| SR ARR &M (20242Y027); EZRXE S ABH (2022Y FD2301305 )

Supported by: Central Guidance Fund for Local Science and Technology Development Projects (No. 2024ZY 027); National Key Research
and Development Program (No. 2022Y FD2301305)

E—1EF: BREN, B, 1907 ik, FEEELAE, BFSEO7 ORGSR I TS S EOR, E-mail: 1563959250@dg.com

BEMEER: sout, B, 1980 £, Wd:, RIDFTEH, OF5ET7 m ke A ™ o S BT SR . BTN THAR K&l ™ Y46 R
E-mail: 156044168@qg.com




]
oo

REF

- » °®
. R HBnalHk
6 iR BB il
SCIENGE AND TEGHNOLOGY OF GEREALS 0ILS AND Fa0DS

for barley and rice processing. In this study, a series of analyses were conducted on barley rice samples
subjected to electron beam irradiation at four doses (0, 0.5, 1.0 and 1.5 kGy). These analyses included the
determination of basic nutrients, colony and mold counts, storage indexes, pasting characteristics, rheological
properties and edible quality. The results demonstrated that electron beam irradiation at a dose of 0~1.5 kGy
had no significant impact on the composition and content of basic nutrients and amino acids in barley and
rice. Furthermore, the total number of colonies and molds were significantly reduced (P<0.05), and the
inactivation rate at 1.5 kGy reached 83.75% and 54.09%, respectively. After electron beam irradiation, the
acid value of highland barley increased to 20.21 mg KOH/100 g, and the propanal value increased to 0.53
mg/kg, while the peroxide value showed no significant change. Additionally, after treatment with 0.5 kGy,
the lipase activity of highland barley was significantly reduced by 7.54%. The peak viscosity, valley viscosity,
disintegration value, final viscosity, and regrowth value of barley rice were significantly reduced (P<0.05).
The elastic modulus and storage modulus of highland barley increased, but there was no significant impact
on its texture and sensory quality. The water absorption rate and volume expansion rate during heating
generally showed a decreasing trend, with no significant impact at 0.5 kGy. Therefore, the irradiation dose
for highland barley processing should not exceed 1 kGy, and an irradiation dose of 0.5 kGy was more
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suitable.

Key words: electron beam irradiation; highland barley rice; physicochemical properties; edible quality
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Table 1 Changes in the nutritional quality of highland barley rice %
e ) B /kGy Koy HEN g 17 5 e STER i bitEaR SRSy
0 9.84+0.19° 10.76+0.16° 1.95+0.02° 54.24+0.12° 22.51+0.09° 1.10+0.08%
0.5 9.86+0.06° 10.76+0.18% 1.93+0.04* 54.17+0.29° 22.55+0.03° 1.11+0.09%
1 9.89+0.22° 10.78+0.42% 1.92+0.06* 54.14+0.32° 22.48+0.07° 1.26+0.08%
15 9.87+0.10° 10.75+0.58° 1.89+0.02° 54.16+0.27° 22.43+0.01° 1.26+0.13°

i W= ARNG FREFRR 225 B3 (P<0.05). T

Note: Different lowercase letters in the same column indicated significant differences (P<0.05). The same as below.
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Table2 Changesin the composition and content of
free amino acidsin highland barley rice

x4 BSRKEHEUERNIEZL
Table4 Changesin fat oxidation indices of
highland barley rice

T IEF = kG
ALK hkiihin
0 0.5 1 15
*JRE R Thr 0.36+0.02° 0.36+0.02% 0.36+0.01° 0.36+0.022

0.16+0.03* 0.16+0.04* 0.16+0.04* 0.16+0.02*
0.50£0.04* 0.51+0.03* 0.50+0.03* 0.51+0.03*
* S AR lle 0.35£0.02° 0.34£0.02° 0.34£0.03* 0.35£0.02°
L& Leu 0.82+0.04%° 0.81+0.03* 0.82+0.04*° 0.81+0.02%
*ENE R Phe 0.64£0.02° 0.65£0.01° 0.64+0.03* 0.65+0.03
*Mi& M Lys  0.35+0.02* 0.35+0.02* 0.35+0.03* 0.35+0.01%

* AR Met
* 45 R Val

2% Ser  0.24+0.01* 0.24+0.01* 0.25+0.02* 0.25+0.02*
AHEM Glu  4.09x0.05* 4.09+0.04* 4.09+0.06* 4.09+0.03*
H4& R Gly 0.49+0.02* 0.49+0.01* 0.49+0.02* 0.49+0.02*
&R Ala  0.28+0.01* 0.27+0.01* 0.27+0.02* 0.28+0.03%
LR Cys 0.24+0.03% 0.24+0.04% 0.24+0.02° 0.25+0.02°
FAE R Asp 0.96+0.05° 0.95+0.03* 0.95+0.03* 0.96+0.04°
MR R Tyr  0.19+0.01* 0.19+0.02* 0.18+0.03* 0.19+0.02*
M His  0.33+0.02° 0.34+0.01° 0.34+0.03° 0.33+0.02°
W& Arg  0.52+0.04* 0.51+0.03* 0.52+0.02* 0.52+0.02*
%M Pro  1.23x0.06° 1.23x0.05° 1.22+0.03° 1.22+0.05°
(TAA)/% 11.75 11.73 11.72 11.77
(EAA)/% 3.18 3.18 3.17 3.19
(NEAA)% 8.57 8.55 8.55 8.58
(EAAITAA)/%  27.06 27.11 27.05 27.10
(EAA/OQEAA)’ 37.11 37.19 37.08 37.18
T BPEEBRTEY I TES R, O0TE%; ~Frd
T AR, TAA%% %EM“%E,EA FR b T E IR T 4,
NEAA FRIELTFEIM A&, F—17 P RFE/NG FRFRR 2=

53 (P<0.05),

Note: Amino acid contents in the table were on a dry basis, %;
* denotes essential amino acids, TAA denotes total amino acid
content, EAA denotes essential amino acid content, and NEAA
denotes non-essential amino acid content. Different lowercase
letters in the same row indicated significant differences (P < 0.05).

#3 ERATEEIHNEEHNTL
Table3 Changesin total colony count and mold
count in highland barley rice

IR Be iR, PEWITRMES N TEEES SRR
kGy (mg/g) (mg KOH/100g) (mg/Kg) (meg/Kg)
0 9.15+0.05*  13.99+1.20° 0.29+0.06° 0.20+0.01°
05 8.46£0.15°  15.61+1.10° 0.48+0.07* 0.19+0.02°
1 8.30£0.19°  18.62+1.09® 0.53+0.06® 0.21+0.01°
15 8.21+0.13" 20.21+1.10°  0.53+0.07% 0.19+0.02*

T ERTEAidt i 72 v LU0 25 1 10 2 2 S Ak 401
A A, SO ER TR, Ht,
TR Y 2 48U 1 AT AR A 40 iy L A 722 Joi e
—AEERRE . RE 408, MEREBRER
%m,ﬁﬁ%%ﬁ%%ﬁﬁwmﬁg(mn%%
FB 0~1.5 KGy & R 5] & 7 1) il 7 A4 HROR
Pt o A A A B 3G
24 BFRERTESHRAMULIFENI G

BIAC R A — R b nT DR e B oK AE T
Pt ﬁ$mwmﬁ%ﬁfu&%%miéiﬁ,

X B R i A T AR & S R, ik 5
AT, 28 SR BR S  BROK TE A R AL RS B2
ETRE, RGHICE R AR R

HorP G (E RS BT IR B i K . S 0T IRAH L
é&&lﬂﬁmwﬁﬁﬁ,%ﬁﬁﬁﬁ%TﬁT
18.16%. 33.41%. 40.76%; 15 0.5 kGy # It
1E 1 kGy B T REIREE ok . X FEE R IR

ST TEM 7 FREMIWT R, U FRBEIL, A
T BEATORG B2, ELAS [ 50 K6 B2 1 B AR JEE 5 0k
ST RA A X,

TEURMA [0 A 240 it o i R 2 1 T R
XA, 2405, 1. 1.5kGy &5, 725l T
[T 24.14% . 30.85% . 51.81%7I1 38.03%. 38.60% .

— i B Bk /Gy 61.35%. JE 53 UK T P A 1] A (B 2 2O TR
0 0.5 1 15 — el L -
— . . _ R B SRRV 4 T AR S L, R
H7% ME/(CFUlg)  8.0x10*°  7.8x10° 85x10°  6.7x10
FF # 5U/(CFU/g) 159 73 23 <10 %@?ﬁiiﬂﬂ,\jugﬁﬁlﬁ% jté%?ﬂljk%lﬁﬁiﬁéj\
x5 BRAMMLIFENTL
Table5 Changesin the pasting characteristics of highland barley rice
i B 2 /KGy V(B KG B IcP ARG B IcP TFAE/CP F LG FE [ cP [l A= & /cP ML EE/°C
0 245850+140.94° 1907.50+183.77%° 551.00+142.84* 2 610.00+168.10°  702.50+55.67° 86.00+2.05°
0.5 2012.00+59.40° 1 594.00+9.90® 418.00+69.30® 2 004.00+36.77° 435.00+62.23° 87.35+3.04%
1 1637.00£48.08" 1 256.00+49.50°  381.00+1.41% 1687.00£35.36™  431.00+14.14° 88.05+0.07%
15 1456.50+16.26% 1191.00+35.36°¢  265.50+51.62®° 1 612.50+48.80° 271.50+13.44 87.38+0.04®
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Fig.1 Effect of electron beam irradiation on rheological properties of highland barley rice

26 BFREBRNSHRAEAMRMOZN
2.6.1 TR RO T RROK 2 2 R A 5 )

M 2 ATA, SXRRAME, 4 1 KGy fE id
Jei T R B I B K SRR R K R ) R T
5.81%711 6.68%, ¢ HH T FROKTE M3 S T # o0 F
(R B 2540 B BER , FBOL VR A TP 132 40

250 MR R 3 KR
a ab
200 = b b
X | a|
g 150
g ,,,,,,,,,
T 100
50
0 d 0.5 1.0“:” 15
EREFIR /Gy

I AFRNEFRUREAE A R EH 225
Note: Different lowercase letters represented significanted
differences in the data.
B2 FBFRERTEHRAKMMBA R EA 2
Fig. 2 Effect of electron beam irradiation on water absor ption
and volume expansion of heated highland barley rice

I s 35 A9 A A 2% 37 i BRI B A B TR 2 740 W Uk
N2 K B i A K 2 AR FRURE kSR S
Y KRR AR R R B A R A . BRI,
FL T SR BRI = S BT 1 KGy o
2.6.2  HL SR RO R BROR R R 11 R

3 6 n[ %, 24 0~1.5 kGy FlEAHE, ¥
PROK AR | b | RG BREE RIEL IR 22 S 8 R
E . MR I IR I 2 kGy £l
DK PR DR AR A R RO NEL IR 45 0 3 T e, MO LT
AR B H A H T 2 kGy ., F#WATE 1.5 kGy 7i
FR R A LT SRR R R 2 A i ROK A B4 T
SR F1E

#6 BRARMHHOTL

Table6 Changesin textural and structural
properties of highland barley rice

RIS /KGy  BEEE/N BPE/mm REREME/m) IR mj
0 52.34+1.73* 1.24+0.11* 0.20+0.03* 17.79+1.70%
0.5 52.43+0.71* 1.27+0.08* 0.19+0.03% 18.98+1.47%
1 52.67+1.16* 1.27+0.12* 0.20+0.04* 17.53+2.16%
15 52.78+1.46* 1.25+0.14* 0.19+0.03* 18.16+1.18%
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2.6.3  HLF U IEOOT T BROR IR 0 5T A 5%
ARWFFERT T ROKRIAR . 6. e %
BRAE T I TEE IR . tHIE 3 AT, HL T RER
FEOGE 7 R OK B A L 6 3 R 58 3 TGt 3 5 T
(P>0.05), E&HIF/7E 78.10~79.20 Zfi], H
0.5 kGy 7l 8 1 15 BRORFE UM | B Rk Jy i 15
Sydacrm, SEREME L IR R R G B AR Mk, &
AR ARG 5) 2 PR 1 AR RS & B 3 O 5 BRI R

Al o

—u— 0 kGy

— 0.5 kGy 1kGy —v— 1.5kGy
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