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Effect of Irradiation Sterilization on Flavor and Physicochemical
Properties of Low-salt Sliced Bacon

HUANG Yechuan">", SUN Meng™"

(1.College of Biological Engineering, Jingchu University of Technology, Jingmen 448000, China;
2.College of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621000, China)

Abstract: The effect of irradiation sterilization on the quality of low-salt sliced bacon was investigated by subjecting the
samples to high-energy electron gas pedal treatment at 2, 3 and 4 kGy at room temperature. The samples were stored at 4 °C
and the unsterilized group was used as the control group. The total number of colonies of the samples, flavor substances and
the physicochemical indexes were determined when the storage time was 0, 60, 120 and 180 days, respectively. The results
showed that the nitrite content of low-salt sliced bacon decreased significantly (P<0.05), the ¢ and peroxide value (POV)
values increased with the increase of irradiation dose under the same conditions. At 180 d, the moisture content and "
values of the irradiated group were significantly higher than those of the control group (P<0.05), the L and a values were
not significantly different from those of the control group (P>0.05), and the POV values were significantly lower than those
of the control group (P<0.05). During the storage stage, the total bacterial colony values of the irradiated group increased
slowly and were always lower than those of the control group, and the content of unpleasant substances such as dimethyl
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disulfide increased, and the flavor differences with the control group increased, resulting in a decrease in aroma scores. The

experimental results of gas chromatography-mass spectrometry (GC-MS) and electronic nose showed that the irradiated off-

flavors decreased with the increase of storage time, the content of major flavor substances increased, and the flavor

differences with the control group decreased. Overall, 2, 3 kGy-treated bacon samples had lower fat oxidation and the flavor

difference between irradiated and control was smaller and the off-flavor was relatively weak. The moisture content was

higher and the flavor was better after storage. However, in terms of bactericidal effect and texture, the 3 kGy group was

slightly better than the 2 kGy group, with stronger bactericidal effect and slightly higher tissue structure score. Therefore the

optimal irradiation was determined to be 3 kGy in this study.

Key words: low salt; sliced bacon; irradiation; physicochemical properties; flavor quality
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Hl; TA XTplus # M0 B E SMS 24 F]; RE-
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RIS AT BUTRIN . 1590, BUE ST 7K 4300,

b. EEREII= N A 2.5%, IAEELEH 0.005%,
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Table 1 Changes in the total number of colonies in low-salt

sliced bacon treated with different irradiation doses during

storage
e A4 BB (CFU/g)
fitggi e] (d) —

A(EHXEA) B(2kGy) C(3kGy) D(4kGy)

0 2x10? 0 0 0

60 3x10? 0 0 0

120 7.5%10° 2.5%10% 0 0
180 8.75x10* 6.5%x10% 3.5%10? 2.5x10°

FEGR R AR P OB S IR A SC . 55 180 d B, 4 AR
2H PR RV S BCEATG T X BEZH X8 E, AL T GB
14891.1-1997 4 FRZAE & RIS D APRME 5<10* CFU/
g, UL AH%R RSB ] AT ROE AR ER ) Ji PR ) Ak
W% 180 d )& .
2.2 AREEBFIEHEET A ERAKS S 2R
I R 1] A B 7K A B e S R W g D e B B
ALK AR, 5 RO AR B VIR G . AT 1 A
LUE H, fm BEHIRER U 5 i PR R /K 33 B s a4/,
55X REZFAH PEASe s G AT 22 55 A 1 35 (P>0.05 ), Bifi
FEIRRET ]G, K43 B2 N REtas . i BL, it
AR S S E 2 N REa, (BRI P
B SRAR T X RLH . %5 180 d I, & IE4H i K45 1 i
TR HEZ (P<0.05), VA DR T4 R BRI T 3B
RIS I PN VT PRI, B T A LR A, A 5P
LS A SEHEPED S, RGN S BTG A e A
HEFERD T FRELE B2 /K SRR SRR, ARSI G4,
R, BIRAETRDYI N K 53 B BEITED >, (A4 R AL
FR$ g T AER U A I R A R, I B A g s TR 35
i, R P E R E AR IE &, EL SRR e T T
P HY RS
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Fig.1 Changes in moisture content of low-salt sliced bacon
treated with different irradiation doses during storage
TE: /NG P REAN R R[] — il T ) A ] Ak B 22 ) 22
5 .35 (P<0.05) , REFHEAR 7 [7]— Ak BRLH A7) fif i
[ =2 i) 2 53 1 2 (P<0.05), €] 2~[&] 4 [Fi],

2.3 AEEREGHEXHRRT AR pH 89520

W 2 Fros, 8 B8 JE R RE 4 pH B S AIR, {0
VO ZH i PR TR 25 5 AN i 35 (P>0.05) o 33X 15t B fm BE X i
A pH BRI /N, Brewer!'™ BUWFFELE RABUESLE T
X o AU, SR REZH I RRZH Y pH S AR
TR, IR TR R oA E AR P
TR 3 i 2 P )™ A Al IS R A e 1 4 T S
U, 5 Otto A5 BUMIFFELS AR, A sty [ AN
R B 0 A IR ZH /Y pH 06 2 35 MERZ i (P>0.05) o
X IR B pH 7R i i 5 AR 2w T 4 I b B
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Fig.2 Changes in pH of low-salt sliced bacon treated with
different irradiation doses during storage
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TCHH b ZRPE I TR o a R/ INRIR BEGR) S A E AR DG,
B(2 kGy) 5Xf ld 4l 22 5 A B3 (P>0.05), C(3 kGy)
1 D(4 kGy) 55X 8L 25 57 35 (P<0.05) . Nam 252!
FABFFFE LA AT IA) B PR il i 2 m R A B, HAR T i el
32 (ORP) A, F1r4E CO VMWL AR IS N HEA
K, PRI AR I R A, S E8EE ERBm.
T OB 2 R ML n] BB & TR s LTk =4 Rl
&Sk 5k H o4 B s B 1T P i R R A R A AR T
W, figad AR b, XTREAANSERELHM L7, . bEIY
e T A B, X AT HE S K4 S B e AR A 26

Xavier 452 BUBTFER, 48 IS AR LAHASZ 58 18
7R 5 R I B (52 i), (L PR R ST ] ) S T ARG
25 180 d W}, AR MEALFRZA Y L7F1 o (B -5 X I ZH 22 5
AR (P>0.05), {5 b 1AL R TP i 2 T
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Table 2 Color changes of low-salt sliced bacon treated with

different irradiation doses during storage

fg§ qulrﬁjﬂ?d) Q‘(H;QJT) B(2kGy) C(3kGy) D(4kGy)
0 43.33+0.58"  40.00+£1.00° 42.33+0.58" 36.00+1.00°

. 60 46.33+0.58"  52.00£1.00° 53.00+0.00° 53.33+1.50°

L 120 42.67+1.16™ 44.33+1.16° 42.00£0.00° 42.67+0.58®
180  38.67+0.58" 38.00+1.00° 38.33+0.58% 37.67+0.58"

0 24.00+£0.00°  24.00+£0.00° 25.00+0.00° 27.00+0.00°

. 60 28.67+0.58°  33.33+0.58" 33.00£0.00° 29.67+0.58"

¢ 120 25.33+0.58" 26.33+0.58" 25.00£0.00° 25.00+0.00°
180  23.67+0.58" 24.33+0.58" 24.00+0.00° 24.00+0.00°

0 14.33+0.58"  15.00+0.00" 15.67+0.58" 14.67+0.58%

b 60 14.67+0.58°  20.67+0.58" 21.33+0.58* 17.00+0.00°
120 14.00£0.00°  16.67+0.58" 18.33+0.58" 15.67+0.58°

180  12.67+0.58" 15.00£0.00° 15.67+0.58" 15.67+0.58"

TE: AT R AR T BRI 3R 22 57 35 (P<0.05), 31

2.5 FRERRFEXRER Y] AR

HiR 3 AL 25 0 d B, FR S RER DI A IR A Y
A N 35 A8 /N (P<0.05) | 5P R P SR 35 1 R
(P<0.05); BR 3 kGy £H -5 %J it 21 22 5% 2. 3% (P<0.05)
Sb, 1152 T3 FIRE 2 TR PR A . XA A5
H oy BTEAN T R IR A BRI, BORa I e 2 B,
AR P [ i PR (8 T Sl B R, S AR S
SRR, X AT RESR T ARG I T EH RS . H

F 3 N[E) AR IR i A B A AERER I 1 i P 7R A R B Bk 28 Ak
Table 3 Textural changes of low-salt sliced bacon treated with different irradiation doses during storage
W eS8 bR fitEas E] (d) A(Z EIXTHIRZ) B(2 kGy) C(3 kGy) D(4 kGy)
0 5220.273+81.593* 4903.566+164.358° 4665.385+55.586°¢ 4381.171+38.236¢
B (o) 60 5518.475+210.296" 5703.215+129.962° 5667.228+150.715° 5608.641+189.044°
120 5977.204+61.054° 6046.733+128.342° 6239.911+£77.758* 6370.756+32.824"
180 5881.022+44.125° 5461.931+116.410° 5530.194+14.802° 4928.372+82.862°
0 3222.742+12.861® 3198.001+136.015% 3282.292+124.478° 3028.264+97.152°
LI 60 3383.198+37.839° 4229.431£145.895° 3852.14+105.221° 3296.681+£73.370°
120 3835.422+485.216° 3664.276+£298.396° 5099.41+113.488" 4674.126+225.001°
180 3646.111+£82.137¢ 4006.022+41.547° 4279.022+89.864° 3602.609+75.089°¢
0 94.433+0.565° 96.616+1.213% 97.166+0.669° 96.095+1.414
B (%) 60 88.124+0.824° 91.225+0.677° 94.665+1.580° 90.489+1.661%
120 91.089+0.778° 86.121+0.080° 97.315+1.972% 98.132+0.114*
180 88.179+1.780° 96.034+0.375% 95.999+1.637° 91.186+0.739°
0 20.355+0.541° 20.434+0.296" 21.876+0.017° 20.150+0.618"
618 11(%) 60 18.081+0.115°¢ 22.448+0.211° 23.725+1.040° 18.253+0.176°
120 20.965+0.103° 24.241+1.258° 28.139+0.557* 23.243+0.389°
180 23.226+1.032° 23.852+0.491* 25.123+1.048* 24.417+0.865"
0 0.673+0.005¢ 0.704+0.003*® 0.707+0.011* 0.692+0.005°
B 60 0.617+0.005° 0.687+0.003° 0.706+0.001° 0.6510.004°
120 0.684+0.004¢ 0.678+0.023¢ 0.800+0.003* 0.726+0.004°
180 0.720+0.009° 0.743+0.007" 0.733£0.004* 0.716+0.002°
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Table 4 Types and relative contents of volatile flavor substances in low-salt sliced bacon treated with different irradiation doses
during storage

AHXT (%)
A-0 B-0 C-0 D-0  A-180 B-180 C-180 D-180
P 36.69 6141 4829 4044 2969 3652 3493  40.09
A .
il 3 6 7 6 6 8 7 7
Al (A - 31.01  23.04 2440 1222 2390 2460  23.93
A2 s 3146 2596 1992 13.24 - 1.04 1.19
A3 3-HfTE - - - - 9.55 3.66 - -
A4 PR - - 1.77 - 1.84 224 7.67
A5 5- P Lk g s 4.88 - - - 531 291 2.79 -
A6 RREE" i - 3.70 - - - - -
A7 2-FR LI - 0.26 0.39 0.31 - - -
A8 R - - - - 0.31 - 0.57
A9 I - 0.44 1.38 1.33 0.46 1.39 1.90 2.60
A10 T 0.35 - 1.69 0.96 1.99 2.38 2.27 3.04
All e - 0.04 0.10 0.20 0.15 0.14 0.10 1.10
2 3192 13.63 2408 2344 3045 2485 2226  25.89
B "
Fh 11 5 8 8 8 8 7 5
Bl R 3.28 1.66 221 451 3.35 2.98 1.54 -
B2 2-HH B 0.37 - 0.36 - - - -
B3 [k - - - - 0.07 0.07 - -
B4 Iy 0.48 - - 0.29 0.96 0.22 0.22 0.27
B5 3-HHR - - 0.49 - - - - -
B6 ARIAD; 15.90 8.93 1609 1359 1834 1499 1454  18.79
B7 2-F G- 5- H LR 5.64 2.09 432 4.42 6.80 5.83 5.25 6.12
B8 4-Z HE AR T 0.56 0.87 0.47 0.46 0.66 0.60 0.55 0.62
B9 AT B 5.36 - - - - - - -
B10 T & 0.08 0.09 - - - - 0.06 0.09
Bl1 3-J TR -6~ FF A LA T - - 0.05 0.06 0.12 0.10 - -
B12 2-F3E-5-(1-F L 2. 58) -5 1 - - 0.08 0.07 - - - -
BI13 2-F S -4 TN R 0.03 - - 0.04 0.15 0.07 - -
Bl4 3.4- R - - - - - - 0.10 -
B15 XA 0.21 - - - - - - -
B16 5T 0.03 - - - - - -
[iEES 5.17 0.17 0.83 3.66 1.97 0.60 1.73 0.02
¢ Gtk 6 1 2 2 6 2 3 1
c1 2,5-&(-3,5- 1 -2 - kg 1.43 - - - 0.03 - - -
C2 3-FA3L-2(5H) - g i 1.43 - - - 0.50 - - -
C3 3-FEE-1,2-FF 1 - - - - 0.43 - - -
C4 2-(2,6- - F HLHEIL) IR T i - - - - 0.56 0.83 -
cs 2,3- 7 F JE-2- BRI A 1 - - - 0.55 - 0.78 - 0.73 -
C6 4-F1 - SH-1K -2 -] 0.64 0.17 0.29 0.22 0.20 - 0.18 -
c7  TE-1,558-MUH I [1r-(1.a.32,.4.0.8a,8.)]-1,4- P IEME-9-F  0.02 - - - 0.03 0.03 - 0.02
C8 1-(2-Wk IR 55 ) -1- T i - - - 3.44 - - -
C9 258 0L-3- -2 B N0 - 1T 1.51 - - - - - -
C10 LI B 0.14 - - - - - -
b (=S 13.23 6.05 5.70 2.65 9.54 14.87 6.51 10.87
Fh 3 3 2 2 6 9 7 11
DI 3- IV g Y 12.96 3.92 5.23 221 6.39 4.12 3.54 5.73
D2 M FR O H-3,5- - 0.91 - - 1.04 - - -
D3 (E)-2-BMim - - - - - - 0.30
D4 1-PEE - - - - 0.41 0.50 0.59
D5 1,2-Z-4-NEhEHE-1,2-2 - - - - - 1.00 - -

D6 143 - - - - - - o080 -




0454 5 S BOlVA% |, 55 FRIER GO IRER DI R HE PR U B3 1 T 5 - 95 -
4
AEXHE (%)
A-0 B-0 C-0 D-0  A-180 B-180 C-180 D-180
D7 2-2.3E-1-C - - - - 1.63 2.42 1.19 2.60
D8 4-2 I - - - - - - - 0.18
D9 1% - - - - - 6.45 - 0.14
D10 O e ST - - - - - - - 0.37
D11 E+ =k 10 - - - - - - 0.12 0.50
DI2 5-FFE-2-(1-H R AL )-1-C R - - - - 0.05 0.05 0.04 -
D13 1,4-ZH E-7-(-1-05-2-38) T A -4 - - - - - 0.03 - -
D14 (3R,3R,58,6R,7aR )-3,6,7,7-PU Hl H )\ S-3a,6- £ BE-5-HE - - - - 0.02 0.02 - 0.02
D15 (R)-(-)-14-H FE-8- 47 pe-1-E - - - - - - - 0.02
D16 FAA 0.17 1.22 0.47 0.44 0.41 0.37 0.31 0.41
D17 LG R 0.10 - - - - - - -
. [liEs 0.51 0.00 0.44 0.18 0.00 0.00 0.06 0.00
il 2 0 2 1 0 0 1 0
El TR | — e e - - - - - - 0.06 -
E2 AR LB 0.43 - 0.26 0.18 - - - -
E3 AR W TR 0.08 - - - - - - -
E4 Bt AR -+ e Ak i - - 0.18 - - - - -
. [ivES 0.00 0.87 0.34 3.19 0.00 0.39 0.00 0.00
il 0 2 1 2 0 1 0 0
F1 2,5- RO R - 0.22 0.34 0.41 - 0.39 - -
F2 X PRSI R - - - 278 - - - -
3 (R)-5-H13-2-( iiﬁ%—l-ﬁi—ﬁ%)+ﬁ&%£ﬁ-4-‘%%—1-g3- B 0.65 B B B B B B
78
G itk 0.00 9.80 8.33 10.35 0.00 2.86 3.19 5.59
Gl 0 1 2 3 0 1 1 1
Gl TR T - 9.80 7.97 6.02 - 2.86 3.19 5.59
G2 2- R H - - 0.36 - - - - -
G3 2- TR A 5 ik - - - 322 - - - -
G4 S TR ik - - - 1.10 - - - -
e s 4.58 8.06 1198 1608 2476 1791  28.10  14.84
H "
Tl 15 9 18 26 27 30 25 29
H1 1,3,5,7-H2¢ Pusss - - - - 0.85 - - -
H2 1-5%05 - - - - - - 0.21 3.13
H3 1 - - - - - 0.05 - 0.09
H4 (2)-3-+ - - - - - - - 0.09
H5 a-FAARNG 0.81 248 2.58 3.31 1.91 2.48 3.45 2.76
H6 K4 0.13 0.26 0.16 0.15 0.15 0.14 0.15 0.27
H7 B-ROARS 0.22 0.78 0.70 0.92 0.61 0.73 1.07 0.75
HS 1,5- I HE-8-(1-H 3L 247538 ) -[S-(Z, E)]-1,5-315% I - - - - - 0.03 - -
H9 VARG 0.97 2.44 2.60 3.37 1.96 2.25 3.41 242
H10 AEAAR 0.33 1.26 0.94 1.01 0.96 1.02 0.84 1.12
HI1 - 1-58-9--1 )\ - - - - - - - 0.25
HI2 (1R,4S,5S)-1,8- - F JE-4- (PN - 1-45-2-5L ) 12 [4.5] 2874 - - - 0.09 0.08 0.10 0.10 0.14
HI3 (1R,5S)-1,8- - F 5k-4- (P t-2- T F 5 ) 18 [4.5]-12- 74 0.05 - 0.18 0.18 0.22 0.26 0.24 0.32
H14 2,6,6,9-M0 H FE=3£1[5.4.0.0(2,8) ] T —Bidds-9-47 - - - 0.04 0.02 0.03 0.03 0.05
HI5 (R)-3-MF F1 9-6-((5)-1,2,2- = FILIR NI ) BR O - 145 - - - 0.04 0.03 0.03 0.03 0.05
H16 17-FH75Zh - - - - - 0.02 0.01 0.05
H17 2- TR - AL P 3 - - 1.12 - - - - -
HIS (1R)-2,6,6- = H HL XA B -2- e - - - 0.55 - - - -
H19 4850 - 0.39 0.36 - - - - -
H20 #) - 0.17 0.39 0.46 - - - -
H21 1-F3E-5-(1-F L 2038 ) - - 1.09 - - - - -
H22 1-F3E-4-(6-F B P -5-45-2-36) R ot 1,3- 0 - - - 0.22 - - - -
H23 TEARE 0.13 - - 0.35 - - - -
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4
AEXHE (%)
A-0 B-0 C-0 D-0  A-180 B-180 C-180 D-180
H24 oI - - - 0.17 - - - -
H25 2,4.4-=HEC b - - - - - 0.12 - -
H26 2,3- ISR B - - - - - - 0.55 -
H27 5-G-5-F T - - - - - - 2.39 -
H28 [E-SI 25 - - - - 0.13 - 0.13 -
H29 RSk - - 0.08 - - 0.03 0.03 0.30
H30 BT =k - - - - - 0.19 0.27 -
H31 ke - - - 0.07 - 0.12 0.34 0.21
H32 783 - - - - - - 0.07 0.14
H33 IE+ e - 0.09 0.16 0.11 0.20 0.20 0.22 0.39
H34 2,5-HI 3t —he - - - - 0.03 0.03 0.04 0.07
H35 4,6- " H Tk - - - - 0.15 - 0.15 0.21
H36 4-FA Bk - - - - - - - 0.07
H37 RPAYSH - - - - 0.13 0.14 0.09 -
H38 AGEE S - - - - 0.03 0.14 0.03 -
H39 2-FHF e - - - - - - - 0.07
H40 [ Y7 - - - - - 0.03 - -
H41 1-ZH55E-1-F 32,4 W (1-F B 253 -[1S-(1a,28.48) 1 3R ke — - - - 0.03 - 0.03 -
H42 [WANSH - - - - 0.08 0.09 - -
H43 2,4,4-=H 3 bE - - - - - - 3.30 -
H44 o - - - 1.93 - - - -
H45 -V -4 (1-H L 2R3 - U e - - - 1.95 - - - -
H46 2-F - 1- PR k- R bt 0.81 - - - - - - -
H47 5-HI%E-5-INFE T4 - - 0.57 - - - - -
H48 3,6- I RE-ZSp - - - 0.11 - - - -
H49 3,6- S - - 0.10 - - - - -
H50 2-HRE-5-TN BT bt 0.05 - - - - - - -
H51 iy 1157 0.06 - - - - - - -
H52 o A5 0.57 - - - - - - -
H53 LEES - - - - 1494 529 8.60 0.94
H54 A - - - - 0.76 0.48 - -
H55 1-F AR E-3-FA 62K - - - - - - 0.34 -
H56 FH AR R R - - - - 0.65 - 0.50 -
H57 2,3- R SEIOR 0.19 0.17 0.18 0.15 0.25 3.30 0.22 0.30
H58 1,3-(L1- S 238 - - - - 0.04 - 0.03 0.04 0.09
H59 3,6,6,7-V0 F 3-3- 2,07 %62,3,3a,4,5,6- /5 A - H-Ef 0.10 - - - 0.08 - - -
Heo 2367882 8%-3.6.8.8-1 H;ﬁ;;g;ik 3aR.68.7R.8aR)-1H-3a.7- 0 B 0.26 017 0.13 015 0.16 0.16
H61 (IR, 4aR,8aR)-2,5,5,8a-PUHI}L-4,5,67,8 8a-7N A -1H-1,4a- 2% (.08 - 0.21 0.20 0.25 0.26 0.55 0.32
H62 |4 -da-F - 130 FE-7-(1-FR L 20 3 ) - 2% - - - 0.02 - - 0.01 0.02
H63 1,1,4a- =1 3-5,6- — I JE+ A 2% - - - 0.07 0.05 0.07 0.06 -
Hod (IR,4R 4aS,8aR)-4,7-— g/. i%?%—l—‘JE?E‘—Z—%)—1,2,3,4,4a,5,6,83— B B B B 0.07 0.10 0.13 0.09
H6S (1R,3a8,4a8,8a8)-1,4,4,6-VU 1 3-1,2.3 3a, 4,42,7,8- /NI N _ _ _ _ _ 0.19 _
[LAPRT 1,21
H66 3,6,6,7-PUH 3E-3-2,07i3£2,3,3a,4,5,6- /N A- 1 H-Efi - - - - - - 0.09 -
H67 1,3- " HH - - - 0.39 - - - -
H68 2-S MR -4a,8- " F3E-1,2,3,4,4a,5,6,7- )\ A 2% - - 0.29 - - - - -
. HeAth 7.90 0.00 0.00 0.00 3.58 2.01 323 2.69
il 4 0 0 0 1 1 1 1
Il 2- LTI 7.60 - - - 3.58 2.01 323 2.69
2 1,4:3,6-—fii 7K - ALPHA-D- I g 7 24 4 0.16 - - - - - - -
3 3,4-MiKd-2F 7B 0.05 - - - - - - -
14 2,3- MK H e B A 0.10 - - - - - - -

AR 44 27 42 50 54 60 52 55
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Fig.5 Flavor e-nose analysis of low-salt sliced bacon treated

with different irradiation doses during storage
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