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ABSTRACT: Objective To confirm the dose distribution characteristics of frozen beef sirloins irradiated by
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beef sirloins with different thickness were irradiated by electron beam with 8 kGy in single and double-sided ways,
respectively. The internal dose distribution of the products was detected to determine the appropriate product
thickness. On this basis, the frozen beef sirloins of commodity packaging (1 kg/bag, maximum thickness less than 8
cm) were irradiated with different doses at 0, 2 and 4 kGy in double-sided way, and the total number of colonies,
mold and yeast, coliforms were detected. Meanwhile, the color, flavor and texture of raw and cooked beef sirloins
were detected by color difference meter, electron nose and texture analyzer. Results The internal dose of frozen
beef sirloin single-sided irradiated by electron beam first increased and then decreased, the rapid decrease occurred in
the depth of 3.5-5 cm, and the dose uniformity ratio (DUR) was 1.57 when the product thickness was 3.5 cm.
Double-sided irradiation increased the penetration depth of electron beam, and the DUR of double side irradiated
frozen beef sirloin with 8.1 cm thickness was 1.62. The total number of colonies, mold and yeast, coliforms were
detected in frozen raw beef sirloin. Electron beam irradiation could significantly reduce the microbial levels, no
coliforms were detected in frozen beef sirloins double-sided irradiated by electron beam at dose of 2 kGy, and the
total number of colonies, mold and yeast decreased by 98.8% and 89.2% respectively. No undesirable effects were
found in flavor and texture of irradiated samples. Moreover, the resilience of frozen beef sirloin irradiated at dose of
4 kGy was significantly higher than that of unirradiated ones. However, irradiation resulted in significant decrease of
the color parameters (a and b values), and the higher the dose, the greater the decline. The effect of electron beam
irradiation on color of beef sirloin decreased after cooked, and b value of 2 kGy irradiated samples was significantly
higher than that of unirradiated ones. There was no significant difference in a value and b value between other
treatments and non irradiation treatment. Conclusion This study on the dose distribution and sensory characteristics
of imported frozen beef sirloin irradiated by electron beam can provide technical reference for the process setting and
quality control of frozen beef sirloin irradiation sterilization.

KEY WORDS: electronic beams irradiation; frozen beef sirloin; dose distribution; sterilization; sensory characteristics

il

0 3

A AR TR DI 2 R T A I A R PR,
2025 4EFR [ 4 TR E T 15 1200 77 03, (B E R
GG, 2016 454 5 717 0 t, A EN R 8™
I 8.4%, JEASREN AL R RN EK KD
PRANE YA R PR, 2017 4R RIS ik 1A 71.96 1236
I, AT 2007 4E7 93.99 U7t HEINE] 261.27
Jit, Hop A pIE T s EE N 0.39%85 5 26.6%5°), {H 37
2 PRI T B WS S5, 4 VAR R R 48 0 A 3~5 d, FLBE
AR RN AE K, A PR B £ P i T R 2 A Mg AR
I VO ok A 0 A D ol A 4 S i PR S R AR N R e 42
FEAFHEE, RIEFER MBS, Bt R T
R T REAZ B YTS S, G e R, SEREAE
DRSS IR RE R P2 B R B e T (0, SRR ZE A S
A, AR Z R o, AR SR
R YRR A K, B GARASM T 5 B # K
B S s e i =2 ) A KA PR

IR AR m A R e, KA TR
W, AR 50 ZAEFE AV, i —FrEA N
(65707 N 1211 | D T 9 0 NE s o 2 G B SR E NN (RS RS

R, BORFIAT y B Tl XSRS ah A AL
B, RPN BRHL, A S, O Y R A
R ACKEHRRIEF AR SRR | HERECNE | 98
A B S A T o (BT R A e R B, e
T PRI R i ) B35 XUR S S i 5 5 )™ R AN R,
Ingr @R RIS ORAE o B Rl R
I3, PR | i/ BEBe 7™ i B IR S R T P AR 5
y SERER AT Y (H PR EEERE LT y Sk, W
PRUE SR B8 il BN R AT, o200 2™ il i
JEEFE HEA T SR US A SG H o R L S H i
AULARE, AU Ve UR A o b, B AR
PRV R A I R A R, SRTIE BRI TR, ek
i A AN [ 550 L~ SRR X4 VR A il 9 TR K B
SRR TR RE, B R R R R AR I T AT T
L ICINT AR, DA v 7 SRR B 11 A D i ) A ) 552
B R it o P AR (B S A H

1 MR5ERZE

1.1 # #®
ORI, T, MUk 1 kg/4%, BB SHZ 2.7 cmx
2.7 em, JFUREHLEVY, JRURM 2R B OE T, iz iR



4538 B dn 2 4 R R I A 4R

12

~18 °C, fRIEASIZIR BRI E, —18 CCURMEIRF H R TR
TRIRAL R, PRUEF= A RN SLES = S 24 h E TR R AL FE

i BES 77 kT 18 CCINT, K I B AT B,
NY/T 3524—2019 {AVRRREH AR ) Jrikas BRI,
F R JE A A PR AR B F8 A o AR T A R R v VR 4
TR 5 7E 90 °C/K 4R 30 min % LR A 75 °cl7 [
TR TR R AR, #AERGLL C FRi .
1.2 E5RF

1S1020 Hi s (At 50 i AR 8] )7 AR 2 |l ); CTA
FTR125 (A A Fujifilm A w)); B BRI AL
25 R (R R BE R B R G FR/A F); Chroma Meter
CR-400 fa22{Y(H A Je £ 3EREIA A w]); PEN3 BLF&db
SRR RERHCA R ITE H]); TA-XT Plus B FA Y (3
[ SMS A ).

SEMOHEORIR R R AL . NPLLIBR R IR AL . H AR
T R R AR IR RS 7R L | S ZUE IR B R L (7 M R
MR 3 28wl
1.3 5 &%
13.1 &-FRER

55 R Y R~ o 28 Vg SR A R R A BR A
AT, WAARERL 10 MeV, 12 20 kW, FIH2K 8.44 kGy/s.

()7 43 A1 ARG ) Hh - SR R

BERRTEAREH, K N — S & R A b, A g
B, WHRHGEEY 2.7 cm), WG EL 5.4 cm). 3 H(H
FEZ 8.1 cm) & T BUANR] 7™ SR BE AR 3, 43 SAEAS [R) JEE
Ab BB G A ik B P B = S R £ 4E 2% (cellulose  triacetate,
CTA) MR T, e J5 8 A B 7E 2F i b F 2% 1 A )
JZiE CTA, XWHUH 3 YR B S4B R R)Z .
2 BT K A5 e i i R CE CAT ., Bl . XN
3 YRR AL BEA Y AR SIACE 3 . 5 I 7 H CTAL 4fb
TR A FR 2 ) AT BTG B OUTHT R IR, BAVR AR BRI 8 kGy .
RN AR 5 3 WA . 0 BRI SOUL I i BRI 1o
AN TR A i N SR AR A T, AR e RV TR
F18 1) e 7 P BN [ JE 174 1) e R 34950 (I R B Y 1l
DAY 7R A5 e a5 7R R AU A A 3R o L (D)

(2) 78 it fi 2 1) FL - SR R

FE AT A3 A B SE R b, X R A A8 VR A i
R TP o B, T AL RAS 1 kg/4%, MR RIREAR
ML 8 emo R VARA I PRLAL BB, E T HL T OO0 AR,
FIEAKFH 0. 2. 4 kGy. BAFIEAFEE 3 KEL.
2 JIG 1028—91 (i F 8 4% PR 4R I 1l £y 2Kl
FNGEARE ¥R ) L 0 FH A R AR W A 27 3R v S B
HEGRI S AT M, B PR KR 2ETE£10% 2 o T
HIASHERR IR GB/T 16640—2008 {45 T3] FHill 7 R S5 Y
WP HE I ) 17 .

132 MAYFAE

W SR, MEMEER . KBEES SR GB
4789—2016 THIRFILIE 4789.2 ( B KL EFEHE &
SRR A AR BB AE ). 4789.15 (B MR A E K
PRl Y E R S BRI E0) . 4789.3 (&l
DGR ELOLMN b w98
133 &FnE

Chroma Meter CR-400 425 {SRa . 454~4b 3L 3
Yo, HHOKL 3k, MBAREESF A EARNRAL . AESEL
AL, a. b RS, L. a. b E=HHEHEEESE, L
BB EL, 0 £RE, 100 25 H; a WLL/AMSEL
aMFERLORE, a()RARGORE; b W/ EHSH,
b(HFRE O, b(-)FR T AR,

1.3.4  RERIpAAm &

RRPES R 10 ffilEsr%, 2% SOHN ik
FEA s, PEM AR 10 N, 43504 BT S 178 R 2 i #0
AT A I R TPy, X UK T 422 32 B2 BE AT PR, AT 4%
% 0~1 4%, AIHESZ 2~4 41, B 5~T7 43, AEH B 8~9 43

JAUBAI 22 s FH] PEN3 HLF- 5, W S RS 2
BLAFE WIC, WSS, W3C, W6S, W5C, WIS, WIW,
W2S. W2W 1 W3S, 2Rt s I 0.2 cmx0.2 emx0.2 cm
B/NEURE, B2 2.0 g A 20 mL TS, & 20 min 546
W RIS ARSI R RR 1 s, TEVERTR] 120 s, IHZET
B 5 s, FEAMMERBTE 5 s, MERE 100 s, HWAFE
400 mL/min, #FFEFEEL 400 mL/min, f&#8 {55 7E 50 s J5
FEARE, R REF SN 80 so AN [F4H AL HAE 5L
WME 3 WEL, MEBERFEIR 25 °C. B F &0 e 25 1A
JH Winmuster #F47 W 3 {5 43 7 F1 3 143 43 7 (principal
component analysis, PCA),

1.3.5 JaAgmE

TA-XT Plus TR {SCAGN . BCAF B RS g2, 1 a%
25 1.5 emx1.5 emx1.5 cm AY/NBR . 4G 454 TPA #X,
YRS P/36R, MIRTHZE 1 mm/s, M HE 1 mm/s,
JEHEZ 1 mm/s, [AIFBIHA] 5 s, BAmUER 200 fAi/s, [E40
FEES 10 mm(A4= 4+ %), 8 mmCAAF ), filk )1 5.0 g, fil k2
A auto, FAFEMEREIE 3 K, SRBOFHME,

14 BUIRZITS S
K SPSS 19.0 Gi oMk {347 B 2= = b .

2 HERE5HH

2.1 BFREBREFFBHIIESREXR

DA [ BRACH) ¥ VR A I BB, A9F 5 AN T B B2 98
PRI N TR BRI AR O . P 1 T B4 e B T R
(S)FIXSUTAT 5 H6 (D) R ¥4 R 24 I F) 8 B2 300 B A, O 58 UL
B, AR IR b 2T 1 590 D BT R, X A
PR B HEATIH — AL B, $LLS b 3R im0 Y (R .



LG, S H T SRR BEE 11 v VR A I P 5 e A1 B R S 4539

1

g5,

§ ——8.1cmD
i 1.5 | ——54cmD
fui —a—2.7cmD
§ in --e--8.1cm S
B 1.

[=

i 09 \

Ip \

g 0.6 | \

= Q

132( 0.3 \~~e

E 00 : - SN ,
K 2 4 6 8 10

W /cm

1 BRTAT(S) B UUTRT (D) L 3~ o4 P4 W 24 I S % B 70 kA
Fig.1 Depth dose distribution in frozen beef sirloin irradiated by
electron beam in single-side (S) and double-side (D) ways
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Fig.4 PCA analysis of flavor changes of beef sirloin irradiated by electron beam
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Fig.5 Flavor radar image of beef sirloin irradiated by electron beam
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