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Abstract: This study aimed to investigate the effects of ultrasonic pre-treatment and low-temperature brining two-stage
processing on the quality and flavor of chicken meat. The chicken breast meat was chosen as the research subject. Single-
factor and orthogonal experiments were conducted to examine the influence of pre-cooking time, brining time, pre-cooking
temperature, and brining temperature on the quality of low-temperature brined chicken meat. Shear force and sensory
evaluation were used as target values to obtain optimized process parameters for low-temperature brining of chicken breast
meat. Furthermore, using a high-temperature brining group (HT) and without-ultrasonic pretreatment group (WUP) as
controls, measurements were taken for texture profile analysis (TPA), moisture content, color, lipid oxidation (thiobarbituric
acid reactive substances, TBARS), myofibril fragmentation index (MFI), protein solubility, and volatile flavor substance
levels in the ultrasonic pretreatment and low-temperature brine group (UP) based on the optimal process. The results
showed that the optimal process for the UP group was a pre-cooking time of 10 minutes, a brining time of 3 hours, a pre-
cooking temperature of 45 °C, and a brining temperature of 69 °C. Compared to the HT group, the UP group exhibited
significantly reduced texture parameters (hardness, cohesiveness, springiness and resilience) (P<0.05), significantly
increased moisture content (P<0.05), improved chicken meat color properties with significantly increased lightness (L") and
redness (a") values (P<0.05), and significantly reduced lipid oxidation levels (P<0.05). The MFI and protein solubility
results indicated that the combination of ultrasound and low-temperature brining effectively reduced the integrity of
myofibrils and increased the solubility of total protein. According to the results of sensory analysis, low-temperature
marinated chicken breast was found to have a more tender and delicious taste, although it received a lower score for odor
compared to high-temperature marinated chicken breast. Gas chromatography-mass spectrometry (GC-MS) results further
demonstrated that the two-stage processing of ultrasound and brining increased the variety and content of volatile flavor
substances in chicken meat, but the content of volatile aldehydes was higher in high-temperature brining. In conclusion,
compared to other brining processes, the combination of ultrasound and low-temperature brining in a two-stage process
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improved the quality and flavor of chicken meat products.

Key words: low-temperature brine production; ultrasonic pretreatment; process optimization; quality; flavor
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Fig.1 Effects of pre-cooking time on cooking loss, shear force

and sensory score of clear brine chicken breast
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Fig.2 Effects of brine cooking time on cooking loss, shear
force and sensory score of clear brine chicken breast
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Fig.3 Effects of pre-cooking temperature on cooking loss,
shear force and sensory score of clear brine chicken breast
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Fig.4 Effects of brine cooking temperature on cooking loss,
shear force and sensory score of clear brine chicken breast
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[A] 22 5 i 35 (P>0.05), 1 Bl 25 T 1R A 7=, B AR B IS RIS, R E BRI TS TR
Yl F7388 EFF o X AT R R A i A T A IR e e T, B XS PR A A R R B PR AT, R R I

RS T & A S AR SR, U oA A8 X P 2H 4 4
oy, BT AR, M TR, BRIk, i
AR A 55— 2T Bl 24035 PR ) R G
SRR, KAIRIE Y 65 °C I, BT 135F) 19.34 N,
I FAIKT 77 °C(P<0.05), [ 1L 0 FH v, 39 i
B Y] AW . iX 5 Tornbergl”? (i 58 AH—
B, LE 65 °C T B/ LR LT 4i e 46 FAs v S 23 A 4
W, BHAETE 65 °C & 77 °C 2 [a) A SPEAS 44 n Jf

BIREIRCETESME 69 °C IHEAFEKR, IFHEE 1R
B A TH s AT RAAR (P<0.05) o X9 e Y PR B A 5 . 1
JERERG . P R, SXAT RS P TR R
Fsh ] i 22, IS S R T e s )oY DRI AT 1T
XS ZEE R L B U L BB VSSRGS T, T
IREAE 45~55 °C, KiZMRBETE 65~73 C “N'H.

22 EXRE

HAFZE RPN 1A Bel R LU, =il P
ARISIRA o Y IR S 81 °C B, YY) I AEXT
T 77 C BETFRE(P<0.05), Al HEF H R & H
TE 57.8 °C & 62.6 C HYIEE 0 Bl N I a5 W4, S8 =
JRJFEAR TE 80 °C MG LA rhi% At e e AL, [a]ist
B i B N & A SR I LET 4SS A R, 558 )

TF%O

JBYEVF I ETIRIRE R 50 °C BHEARIRR, A

iEe=)

ST B

LRI

TEACIIG S5 R M Oy 2250 an 3k 3~3% 5 PR, BR
A RFTRI AN, e PR 2R X5 1 3 R
FRZ IR AT S 272 L (P<0.05) . AIEASIAES K 3
{HZE T, DX R 0% >k 25 B AR 2 89 b g da b
ARG A B, C\D,, BE PP e bn i A4 502
A,B,C,D,. MiXTF 7K A, 1 Dy, BEE VS K ¥I(E
K, LA PPN FE PR AL

BRI LI )

S SES

SUGAT XY i PR e AT 10 T 22 P TE] 10 min,

# 3 IEARER
Table 3 Orthogonal test results

X & HTE] 3 h, TR 45 ¢, )& 69 °C.

JEN sy A KB B T A [A] C AR D i & Y (N) JEE TS
1 A, B, C, D, 19.13+0.68 13.98+1.17
2 A, B, C, D, 24.81+1.72 15.12+1.28
3 A, B, C, D, 26.70+1.41 13.2540.52
4 A, B, C, D, 22.55+1.67 15.02+1.11
5 A, B, C, D, 19.40+0.55 14.16+1.48
6 A, B, C, D, 21.15+0.53 15.98+0.73
7 A, B, C, D, 21.92+0.77 14.13+0.98
8 A, B, C, D, 21.48+1.91 13.72+0.74
9 A, B, C, D, 18.11+0.47 13.23+1.08
BIITIK, 70.64 63.59 61.75 56.64
BYIHK, 63.10 65.70 65.46 67.87
FPIIK, 61.50 65.96 68.03 70.73
YR 9.13 2.36 6.27 14.09
Efhdli A, B, C, D,
FREE D>A>C>B
BEIFTK, 4235 43.13 43.68 41.37
BEIWTIK, 45.16 43 43.37 45.23
BETEK, 41.08 42.46 41.54 41.99
BEEIFR 4.08 0.67 2.14 3.86
Ffhdli A, B, C, D,
FRAER A>D>C>B
F4 YNSRI LS %5 IREIENGE T
Table 4 Analysis of variance of shear force results Table 5 Analysis of variance of sensory evaluation results
AR SRR S5 H ¥y FMH  WEM AR5 SErA HHE By Fi& M
A 95.226 2 47613 32367 ok A 29062 5 14531 13.250 *
B 6.710 2 3.355 2281 B 0.842 2 0421 0.384
C 39.788 2 19.894  13.524 ok c 2016 5 4458 2065 .
D 222.036 2 111.018  75.469 ok
- 66,17 45 . D 28.646 2 14323 13.060 o
B 25843257 4 R 88.831 81 1.097
P * 3R 2 5 4 (P<0.05); +* 3R 2 S i 4 (P<0.01); %51, SR 18528950 90
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M EAEH, S8 a BRI Pab Al PLLT 8 A8
PEIF S B IR ERILT AR (1, S ERIILE (4t
—ARE, X RN AR P, UP 45 WUP 4141
b, LB A bE A B35 22 5 (P>0.05), o {H W 351
K (P<0.05), AT REIE K AR S 25 AV E A K 07246
FeAE B R AAARRE T 100 F R L, FRE T S R UL
LR AL, TE A AT AR 1, AT o™ (.
2.3.3 AP T O IR 13 i PRI ST AU 1 5 i)
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Table 7 Comparison of color differences in different treatment

groups

PG IE| L a b
HT 77.38+0.14° 0.25+0.01° 15.45+0.23°
WuUP 80.61+0.11" 1.38+0.05° 12.89+0.06"
uUp 80.49+0.21" 1.60+0.04* 12.82+0.05°

A= BT I, SN T A USRI A RO A B, AT
FEAE AR XU TS X ik R () 2 AN TR D TR
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FHELT UP 441 WUP 40 EAG 91519 TBARS {H(P<
0.05), PR X kg P o 2 Ak A b e s VR L BB
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Fig.5 Comparison of lipid oxidation levels in different
treatment groups
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PB4l 6 Bk, 5 HT 4140 b, UP 4179 MFI &
PR T 54.7%, UP 411 MFI {8 2 35 7 T HoAth 4 (P<
0.05). —fkis, MFI (BB, 3L ET 48R
e, WAk S MFL B IS VA OGP, 2]
PP R S ke T WL R P R UET 435 1 AR P
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Table 6 Comparison of texture parameters and moisture content in different treatment groups

AP TEE(N) Il S 4 PSR i KA HE(%)
HT 33.22+0.63" 0.33+0.03° 0.55+0.03° 0.58+0.02° 64.08+0.78°
WUP 26.63+0.89" 0.270.02° 0.500.02° 0.48+0.02° 67.48£0.34°
UP 23.63+0.64° 0.26+0.02° 0.48+0.02° 0.490.02° 69.36:0.28"

e [F—3_EARAR RIS A 25 57 .35 (P<0.05); HT: HiiRdl, WUP: KBS 41, UP: M TAL PR R AR IR i1 241 £ 7[R .
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LT HEFR IR PR 25 1R i T T A A, i ebAR Al
A BT EIE, 13X 5 MFI FT TPA BY45SRAH—
B, UP 4HME iR Tk WUP 4H2 5 T 12.4%
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Fig.6 Comparison of MFI and protein solubility in different
treatment groups
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Fig.7 Comparison of sensory scores in different treatment
groups
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Table 8 Content of volatile flavor substances in different treatment groups

R B ] R 5 4 (ng/100 ) (55 1 i) IR 7 ik (ng/100 g)
fes (min) HT WUP UP fea (min) HT WUP UP
S IECEE 10.55  0.51£0.15
IR 1491  12.56+1.73* 7.81+1.49" 11.41+0.86" IR 5.60 1.55+0.17
TRE 19.15  11.97+1.93* 7.92+0.66° 10.04+1.14° 4-H3-1-C 1510  0.420.12° 0.42+0.14°
i 9.67  87.29+4.60° 51.8+8.88° 69.32+13.55 Jek
IE B 1294  3.98+0.76" 2.86£0.39" 3.63+0.59% IR E 3.69  7.45£091°  4.82+1.16°  6.73+0.81°
IE2EE 16.13  3.89+0.69" 2.72+0.24°  4.03+1.53° 3.8-H A —ki 2932 0.64+0.07
IE 6.74  15.34£0.66" 8.14+1.72° 11.94+2.63" e ke 2354 1.43x041° 5.08+0.78  6.06x1.13°
TR e 31.9 0.64+0.16*  0.62+0.10°  0.7£0.10° TR b 18.15 0.9+0.15° 0.72+0.16
RIVAY S 36.15  0.89+0.33°  0.98+0.19"  1.63+£0.40° - 21.80 1.19£0.43*  1.21+0.31°




5455 5 3H TRAEAS , A PSS A IR b BRI T XX A it AT XU 145 - 215 -

58
e {%F{{F}J‘[Eﬂ WUR) 5 F & (ug/100 g) e %%F‘“‘ﬂ U 5 25 (ng/100 g)
(min) HT WUP UP (min) HT WUP UP
2 26.13 1.7£0.40°  1.17+0.18"  1.6+0.34" ke 26.95 0.6£0.17°  0.7+0.07*
L 21.99  1.08+0.19°  0.64+0.08° 0.85+0.12° 1R 28.68 3.26£0.42"  3.07+0.63"
T 3407  0.56£0.07° 0.37+0.06°  0.64+0.14° + =k 24.41 0.34+0.09"  0.48+0.06
E-2- Ml 17.82  1.39£0.25*  1.01£0.60"  1.07+0.30° 3,5-HI =R 15.54 0.43£0.19°  0.44+0.05°
7 2468  0.26+0.04°  0.18+0.02°  0.29+0.09" I\ A IE b 40.82 0.81+£0.14°  0.67+0.18°
R -2-BE J 2352 2.34+0.35°  1.52+£0.24° 1.97+0.38® 12K JE-1- Pl 27.93 0.26£0.06°  0.27+0.08"
2 a-2,4-%% —ImE 2497  1.92+0.51°  0.96£0.24°  1.13+0.18° 4,7- "W 2445  0.38+0.07
(B)-2-Piis 1471 0.57+0.08  0.41+0.07° 0.46+0.07® 3,5- B b 31.59 0.45+0.09
= 2062 0.43£0.05°  0.29+0.05° 0.48+0.11° +HkE 2932 0.83+0.18"  0.52+0.08" 0.68+0.06"
i 2721  0.350.08" 0.4120.07° WL 1267  1.66£1.01°  0.62+0.32°
[HEES fifs
2B 1260 1.03x0.22°  0.53x0.05°  0.82+0.09 T R e 7K H Y 4589  9.07+1.46"  2.61£0.85°  5.96£0.95°
R 28.59  1.85+0.41° 0.47+0.10°  0.9£0.19° C R LI T 1546  13.8£1.49"  6.57x1.68 10.59£2.47°
2- T 478  476x0.76" 2.58+0.61°  3.92+0.54° 6-CL TR 2038 0.81£0.15"  0.28+0.10°  0.55+0.09
SRR 3544 0.78+0.08" 0.57£0.16"  1+0.26" TERRER AR /K HHAERE  53.39 2.840.9
AT 3327 0.85+0.10° 0.990.09° T
SEF'%EIIWEE 3099  0.4+024°  0.62+0.35°  0.3+0.08"° THIIE SRR 1514  1.01£020° 1.45£0.42° 1.51+0.43°
[iz&S R 269  21.07+13.30° 20.91+4.84° 24.19+9.26"
PR 38.92  21.34+1.87° 11.45+2.88° 19.52+2.86" T TR 762  0.97+030°  1£029°  1.33x037
RN 42,64  531+0.64° 3.08+0.66° 5.57+0.81° FENEY
TR IR 3496  1.42+032°  0.49+0.19°  0.9+0.18" GFS 8.52  2.85+1.02° 2.57+1.08°
JR-13-1 /BRIGER 4220 4.4122.17°  2.7£0.54°  4.8242.06° THER 17.82  1.92+0.43%  4+0.82"  4.57+1.14°
RR-13- /MR 42,19 6.43+£2.72°  2.18+0.58"  5.59+3.50° B 33.31 1.130.17
HOKHM(Z)-9-BHFEER 52,19 2.89+0.54 [i) — 2R 11.97 0.72+0.17
IEFERR 2099  3.33+0.65 IEFRER 31.06 2.14£0.25"  1.99+0.46°
TR 30.68  0.72+0.25 eSS 20.76 558+1.11°  5.93+1.33"
Wh’%@%%}%ﬁfﬁm 4130  4.59+1.49 TEPEHER 26.18 438+0.61°  4.24+1.26°
T-m 23.56  5.05+1.07 CAE- 18 25.39 0.24£0.05*  0.26+0.07°
[i52S SRR 20.63  2.25+0.47
1205 -3 - 1540  4.84+031°  2.94+0.38  3.74+0.74° ek
1E B 1501 0.59+0.13 N'(Z'Eﬁﬁg%ﬁ;lj& % 14.70 3.32£1.10°  2.46+1.00°

1 F—1 7 LARRE S 25 5 .35 (P<0.05); HT: fmiRdl, WUP: KR4, UP: i85 Wb B R AR i & 41
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Fig.8 Comparison of flavor substances in different Fig.9 Comparison of flavor substance content in different
treatment groups treatment groups
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