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Effect of Ultra High Pressure Combined with Partial Freezing on the
Storage Quality of Chicken Soup

JIN Zishuang, CHEN Jiao', MA Zhigian, ZUO Jia, WU Yiming, MEI Lin"

(College of Tea and Food Science, Anhui Agricultural University, Hefei 230036, China)

Abstract: Traditional high-temperature sterilization of chicken soup can easily lead to adverse effects on product quality
and result in a short storage period, which fails to meet the demands for modern convenience and nutritional consumption.
In this study, ultra high pressure combined with partial freezing multi-fence technology was applied to preserve chicken
soup, aiming to extend its storage period, reduce nutritional loss, and enhance overall quality. The quality of chicken soup
was compared and analyzed using pasteurization, high temperature and high pressure treatment, as well as ultra high
pressure (400 MPa for 15 min) combined with partial freezing (2.5 °C) storage. Freshness indicators (total bacterial count,
fat oxidation, protein oxidation), flavor-related parameters (soluble protein content, free amino acid content, inosine acid
content, volatile substances), sensory evaluation scores were used to investigate the effects of these three sterilization
methods combined with partial freezing technology on the storage stability and freshness of chicken soup. Furthermore, the
impact of ultra high pressure combined with partial freezing technology on changes in the quality attributes of chicken soup
during storage was explored. Results demonstrated that the group treated with ultra high pressure combined with partial
freezing exhibited favorable microbial load values (with a total colony count only at 2.11 log CFU/mL) after being stored
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for 100 days. Malondialdehyde (MDA) values differed among the three groups subjected to different treatment methods:

Higher MDA levels were observed in the high temperature and high pressure group compared to both pasteurization group

and ultra high pressure group. Consistently lower MDA values were found in the ultra high pressure group throughout

storage stages when compared against other two groups. The soluble protein content in the ultra high pressure group

remained consistently higher at 5.22 mg/mL than that in other two groups. Additionally, the ultra high pressure group

exhibited significantly higher levels of flavor substances (phenylalanine, proline, inosine, octanaldehyde, 2-heptanone, 2-

amylfuran) compared to the other two groups. These findings demonstrate that the combination of ultra high pressure and

partial freezing is more effective than traditional heat treatment in minimizing nutrient loss, preserving sensory quality of

chicken soup, and extending shelf life.

Key words: chicken soup; ultra high pressure; storage quality; partial freezing preservation
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Fig.1 Freezing curve of chicken soup
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Fig.2 Effect of different sterilization methods combined with
partial freezing on TVB-N stored in chicken soup
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Fig.3 Effect of different sterilization methods combined with
partial freezing on MDA stored in chicken soup
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Fig.4 Effect of different sterilization methods combined with
partial freezing on soluble protein stored in chicken soup
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Table 3  Effect of different sterilization methods combined with partial freezing on free amino acid stored in chicken soup (mg/100 mL)

R A AL LA A R A AL
e A AR
0d 25d 50d 75d 100d 0d 25d 50d 75d 100 d 0d 25d 50d 75d 100d

RAHERRAsp  330£0.08*  3.2330.15*  3.15£0.13* 3142011 3.0340.13*  32320.16"  3.15£0.13**  3.17+0.09"  3.11£0.03** 3.06£0.05"*  321£020" 3.20£0.21*"  3.11£0.11**  3.0740.17"  2.91+0.14*
PR Thr 8.1340.54*"  7.64£0.37*  7.42+021"% 7.26£0.05" 7.18£0.08"*  7.43+0.38 6.81£0.52"% 6.75£0.24™" 6.70£0.28"" 6.57+0.50"  6.52+0.62" 6.46+0.47"" 6.58+0.63"C 6.51£0.67"C 6.48+0.69"°
2 FiSer  14.35:0.06" 14.330.25 14.2320.28" 13.95£035% 13.51£0.49"  14.18+0.11° 14.1740.04"% 14.1120.03" 14.07£0.05"* 13.43£0.42" 14.20:0.45"* 13.930.16" 13.85:02" 13.6240.43" 13.3320.32"*
FEMG 18.03£0.16* 17.68£0.52™ 17.5740.4""  17.40.24°" 16.96+0.06 17.92+0.45** 17.38+0.23™" 17.3140.24™" 17.21£0.29™* 16.75£0.64"" 17.43£0.51"" 16.9940.55"" 16.89+0.55" 16.78+0.48™* 16.3£0.16™
HEMGly 8.19:0.45"  8.1120.23™  7.75£0.36™"  7.70+0.31""  7.40:0.21°*  8.15£0.07** 8.09:0.03*  8.10£0.02"* 7.67+0.41°* 7.19£0.07"  7.98+0.10" 7.52+0.43™" 7.52+0.43"" 7451040 7.19+0.22"
WAERRALR  12.04£0.04 12.07£0.46™ 11.7620.42™ 11.69£0.53%% 11.110.39"  12.15£0.19" 12.06£0.39"* 11.760.61* 11.47+0.85"* 11.18:0.93" 11.46£0.66"* 11.24+0.59" 11.16+0.58"" 10.94+0.82" 10.77+0.49**
PREEFCys  038£0.01"  0.44:0.06"  0.39+0.03"* 0.39+0.02** 0.35:0.04**  0.46+0.01* 0.47+0.01* 044005 0.40+0.05** 038+0.07**  0.48+0.02** 0.44+0.06™" 0.44+0.06™* 0.38+0.03" 0.36+0.01*
WA Val 2.75£0.05"  2.7120.02"*  2.68£0.16""  2.66£0.06** 2.52+0.17**  2.82+0.17** 2.92+021** 2.92+021** 2.75£0.24** 2.56+0.30°"  2.82+0.15"* 2.81x0.14* 2.80+0.15*" 2.76+0.11** 2.52+0.27**
HEREMet 1394016 132£0.02*%  1.28:0.04"  126:0.04 125:0.04*  137£0.08" 125:0.05b™ 1.25£0.04"" 1.22+0.05b*" 1.190.07®  1.32+0.03" 1.26£0.07"® 125:0.09°" 1.24+0.09"" 1.17:0.08%
SESEERRIle  1.69+0.06"  1.66+0.02*"  1.63+0.07**  1.58+0.12** 1.57+0.12*  1.61£0.05*" 1.46+0.11"" 145:0.09"" 1.44+0.09*" 136+0.11"*  1.62+0.06* 1.55:0.15*® 1.52+0.16" 1.50+0.17"* 1.46+0.14"*
SR 3.86+0.18%  3.74+0.10"  3.57£0.18%  3.5420.15% 3.28+0.33"  3.520.16“% 3.42+0.19™% 3.35+0.08"% 33120.03%° 3.23+0.12"%  3.41+0.35° 3455030 3.42+0.26"°  342026™C 3392025
BERRTyr 4384023 4.0240.15"  3.88+0.18"*  3.86x0.14" 3.70+0.12°*  3.75:0.39" 3.54+0.48"° 3.53:0.47"% 347+041" 333:020%"  3.13+0.22'C 323015 3.23x0.15% 320:0.12" 3.15:0.15"
KNEPhe  4.58+0.38°"  4.41£0.43"% 4212026  4.1940.22*"  4.01:0.02*"  3.14+0.12™"  3.38+0.32"  3.09+£0.12™" 2.97+0.10" 2.91£0.10"  3.85£0.64"* 3.62+0.50a""" 3.59+0.50"C 3.53+0.42°C 3374027
MEFLys 3308037 3142015 2985022 29120.12*" 2.87+0.18"  3.0120.07** 3.01£0.07* 3.010.07" 3.00£0.08"* 2.98:0.06"  2.66£045" 2.620.49" 2.62£0.49"" 260047 254044
HHEWaHIs 546022 551£0.02  545:0.10" 5312023 5128023 553£033"  549+0.23 5462023  524+021" 5.10£0.18"  4.88+035" 5.08:0.39"  5.04£0.41"  5.03:0.41%  4.96:0.49"
Hi%fArg  32840.16"  328+0.17°  324:022*%  32040.26"  3.06£027*' 325017 320£022*" 317017 3.09+0.10°  3.05£0.06  3.12:0.28"% 3.05£0.21"" 3.05£0.20* 3.03£0.21*" 2.970.15"
IHEPro  3.66£0.48" 3712029  3.65:0.41""  3.6240.41" 3475036  3.2940.29" 317029 3.15:0.26"° 3.08+0.14*" 3.03£0.09""  2.47+0.24" 2.68+034" 2.67+0.33" 2642033 2.6120.30"

IR S HITFAA 98.69+1.97* 97.0141.44™ 94.84+1.08"" 93.67+1.40° 90.38+1.42*  94.54+1.60" 92.97+1.17"% 92.02+1.16™" 90.21+1.96"" 87.3+2.68°*"  90.64+2.01" 89.13+1.67"C 88.74+1.83" 87.68+1.76™ 85.49+2.91°

T FT R FRA NG T AR N AR L 2253 (P<0.05) s ANERE SRR R — I8 ) =3 17 1k (A7 78 54 25 5 (P<0.05) s R4lA] .

BERYSEMA . 65 50 d i, H T IR AR 1 B0, 100 Cnnnl
i P2 B R R B B 0, P TR ol B i
R, DL ICARBELEINTESS 75 d A TR, whil s R LH E OACALA ccabA
U MM S oA RN T AR TR, i S
FhRAFA TP R - 3C T = Rl AR ] 2% B 7 A ke g 7
A i T 7 S £ o0

TE 100 d ICHE AR R, W B LR A ek e ) = 5]
(AR S 85 P4 > L [ R 2> 15 T 25 T2 i 40

PRI T o T S P v % B AR A4 T X037 v B e 2 Wﬁ?ﬁ o 5o 100
GEUHEIR, TSR S FEAL A AR (L3 L AL P41 5556 R A P T R
s, RO PR, O R S R
o N Effect of different sterilization methods combined with
AR IBAN I, ST S 2 SRR B RE T A PR
233 JUHmR  WUHER (IMP) — BN RE A S HY
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Kl 5
Fig.5
partial freezing on inosinic acid stored in chicken soup

X b = A [R] S 7 2, U IR & 5 Dl
JHs 2H > 10 PGS B 2H >Ry i i TR 2H, 20 P53 Bl 2H A vy
TR AL Z A B2 P22 55 (P>0.05), [ RS EA
ZH IR 7 1 1% PR 4 5 v e o TR R BT A EL, AT 50 d
(P<0.05). FEWUHFRE &tk I, HEEIEALh 85.77 mg/ 11 PEWATEZET (P0.05), 75 d JFIRTL .35 122 57
100 mL Ji /> #] 79.15 mg/100 mL, [ [ A4S B 26 i (P>0.05), 3 FT AER PRl itk s FRALFR L A2 o, JULH
84.27 mg/100 mL 3 /%] 78.82 mg/100 mL; Miggie PR R IPREUIIUHAIBRRRT A, Rl B G P K
TR L R R 2R, 1 81.09 me/100 mL J&/b SR BEAR T i e R 2H 0 .l DA AT, i e
#] 78.83 mg/100 mL. X435 L RR o it Pl AS AT IRAR TR a9 LT R i, i SRR
(ETHEERINONE. Li %0 BRcmmtepesyof 4 GCBUIR T, U AR il IR, 5
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B R R LR A R e, 55, 75 d ZJa WUHTR I & B i i s o B 2H 22
7E 100 d MBS PE T, Hopr bR 2 T bpggl, o7 DR BAAL, 100 d AURASRPE T, e TR
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55%; 4 C LR FEE T 6.3%, iXAAIE T ARSLE
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Table 4 Effect of different sterilization methods combined with partial freezing on volatile substances stored in chicken soup (pg/uL)

e A T 2L [RAEZSE ] AR AR AL
HERAEY T
0d 25d 50d 75d 100 d 0d 50d 75d 100d 0d 25d 50d 75d 100d
iR 8.6340.60  7.61£0.39" 7.21+0.18"" 7.0140.11%* 6.55:0.40  7.98+0.28 7.64+0.38** 6.1240.12°" 6.08£0.10 5.94+0.14"™  5.88+0.40°° 5.75:030" 5.7840.24" 544034 5.0240.12"

(S 36.74+0.86™ 34.19+0.81°" 31.16+0.41°" 30.12+0.97°" 27.30+0.74**  34.79:0.54" 35.79+1.35"*
S 1.3320.11% 1.26+0.08"™% 1.15£0.12%* 1.10£0.10b* 1.01£0.06  1.18+0.14"® 1.05+0.11°"

ST 5.4740.32°0 4.7140.36"  4.37+0.23°% 4.2540.13" 4.0340.07"  5.114£022*"  4.88+0.18""

i T
S 26240100 2532014 2.35:0.16%  2.26£0.12°  2.15£0.07°

JZa-2- 28R 2.48+0.13*0 2.3740.06™" 2.27+0.08"" 2.11+0.07°* 2.03+0.11**  2.06£0.05"" 1.96+0.10™"
BEmE 4574041 4130.22%  3.990.13°%  3.94+0.08" 3.71£0.09"*  4.70:032%*  4.19+0.14"
N 85.58+1.49" 78.28+2.12% 73.27+0.23% 69.28+0.61" 63.59+0.35" 81.76+1.28" 80.48=1.75"

-FHE-3-BE 13.04£0.75° 11.9740.37%% 1120£0.70 10.8240.74°" 1020042 11.57£0.48" 11.00£0.6""

23.75+0.72"" 21.48+0.88°" 20.76+0.53"" 18.49+0.99" 16.82+0.92**  23.64+0.85"* 22.79+0.79"*
229:024"  2.18:0.22%

32.46+1.26" 31.48+0.66" 30.47+0.55" 29.51+0.86° 27.38+1.28"% 27.24+0.89°% 27.2120.81"" 26.23+0.37"
0.89£0.04°"  0.88+0.07°% 0.78£0.07"  1.00+0.10®® 0.9320.10"" 0.94+0.04"® 0.91:0.03" 0.86+0.04"
4.2740.26"  4.04+0.02°" 3.94+0.08"°  3.78+0.40™ 3.54+0.29"" 3.49+0.10™" 3.44+0.05C 3.26+0.14*
21.18+0.51°" 21.01£0.64°% 20.02+0.25°®  18.63+0.98" 17.76£0.63™" 17.4+0.52"" 17.12+0.28™* 16.3620.62*
2.112021%  2,000.09”  1.90+0.10° - - - - -

1.84£0.14"%  1.80+0.09° 1.7440.07"  1.73+0.10° 1.64+0.12C 1.66+0.06™" 1.66+0.03* 1.53+0.07*
3.86+0.13%% 381017 3702007  3.57+40.42 3494040 342+027% 3.39:020° 3.30+0.11°®
72.74+£1.59" 71.10£0.20" 68.49+0.65" 64.09£1.37°C 60.5:0.48" 59.94+0.34° 59.17+0.34° 56.55+1.13
10.45£0.16"% 10.30£0.22° 9.94+0.24°*  10.36+0.54° 10.11£0.40 9.7740.23  9.94+0.43* 9.730.12*
430+0.3248 4.1420.14°0 3.9420.12°%  4.84£0.30" 4.69£0.20™" 4.68+0.12°" 4.48+0.21°0 4.42+0.19

ANit 18.25£0.94" 16.92+0.14"" 16.06£0.97"* 15.14+0.72°* 14.24£0.35"*  16.8240.68*"" 15.84+0.72°*" 14.75£0.19" 14.45£0.33°* 13.89+0.36** 15.20£0.84*" 14.80+£0.60" 14.45£0.35"" 14.42+0.51"* 14.15£0.28"

=N BERE 5214019 4955024 4.86£0.27 4.32+0.23°* 4.04£0.09" 5255020  4.84+0.19"
. 2-PE 5.6040.09°"  5.22+0.20"*  5.00£0.10°" 4.59+0.28* 4.03+0.16"*  4.87+0.20" 4.27+0.21"®
e /it 5.60£0.09  5.22+0.20"  5.00+0.10"  4.59+0.28 4.03+0.16"*  4.87£0.20" 4.27x0.21"
s 1.18£0.03"  1.430.11°  1.5320.10°  1.62+0.08°  1.88+0.08" -
FPULE 34740382 3.38£0.09"  3.40+0.05°" 3.49+0.14™ 3.81+0.15"  2.98+0.22"%  3.29+0.11*
ke 3.35£0.21*" 3.54+0.08™" 3.60+£0.06"" 3.78+0.11* 4.08£0.10**  2.80+£0.27** 3.38+0.36™
= 247+024°  2.6120.09" 270011  2.83:0.08%  3.02+0.14° -
e FAKE 2.05£0.11° 2.2040.10*  2.52+0.08"*  2.54:0.08" 2.84+0.10"  1.96£0.09 2.21+031*
e FEbE 3.6240.19% 3765017 3.8320.09  3.83+0.13 4.25+0.18" 3352029 3.64+0.22°
Bkt 1.53+0.08"  1.65£0.11"  1.62£0.08"* 1.67+0.05" 1.87+0.04"* 137014  1.62+0.11"
Ve 3358036 3.63+0.26™" 3.79+0.11°  3.88£0.02°* 3.9140.10" 323020 3.89+0.11"*

3-HUE-HTE 1.5920.18*  1.90£0.08°  1.92£0.05°  2.00£0.07* 2.20£0.16°  1.50+0.19"  1.88+0.22°
/Mt 22.6140.59" 24.09+0.87* 24.91+0.59"* 25.64+0.45"* 27.87+0.20* 17.20:0.41® 19.940.39"

2-JHEIEIE - 6.97£0.39°  7.11£0.24°  7.26£0.27" 7.38+0.14™" 7.71+0.18""  6.86+0.25"  6.97+0.16""

ki

/ANit 6.9740.39"*  7.1140.24"*  7.2640.27"" 7.38+£0.14™" 7.71+0.18*"  6.8640.25* 6.97+0.16™"

4.03£0.14"%  3.95:0.08" 3.86+0.15  4.09+0.22'C 4.06+0.19" 3.99+0.08" 3.96x0.12" 3.89:0.07*
4.03£0.14"%  3.95:0.08" 3.86+0.15  4.09:0.22'C 4.06x0.19" 3.99+0.08" 3.96x0.12"" 3.89x0.07*

3.74£021°  3.83£0.11°" 4.01£0.17°"  2.78+0.05 2.82+0.02"" 2.84:0.01°C 2.91+0.02® 2.93+0.02*

3.7120.39  3.85+0.09" 3.91£0.15"  1.64+0.35" 1.86+0.07"" 1.88+0.06™" 1.92+0.03™" 2.00:0.04*®

2434031 2.69+0.11°" 2.80+0.11°"  1.76+0.04™ 1.87+0.03" 1.97+0.04 1.98+0.04" 2.03+0.06"
3.9540.07%  4.05£0.06" 4262024 194023 2.0240.11°"  2.04£0.06™ 2.0620.11°C 2.10+0.07"
1.89+0.09"  1.97+40.07%  2.05£0.06"  1.02+0.13 1.13+0.08" 1.150.07°C 1.140.05"C 1.270.06"
3.91£0.12"%  4.03£0.06™ 4.11£0.03"®  2.37+0.35" 2.61£0.14™" 2.60+0.12™" 2.64+0.09™ 2.77+0.04"
1.9120.09%  2.010.11%  2.18+0.07° - - - - -

21.55£0.22% 22.43+0.30" 23.32+0.52%  9.75+0.87°C 10.45£0.26™C 10.51£0.17"°C 10.68+0.23'C 11.08+0.01'
704201190 7.23+0.08" 7.34=0.16®  6.39+0.44°" 6.40+0.33"  6.44+0.24  6.58:0.29  6.86+0.10°
704201194 7.23:0.08" 7.34+0.16™  6.39:0.44" 6.40+0.33"  6.4440.24"  6.580.29"  6.86+0.10°

TE: =7 ARk,
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A AR 22 5, O™ AR SR BRI o34
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525 B o 3= 22 55 1 i SR A B VA 3 i S N A
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(10.36+0.54 pg/ul) (P<0.05), [ 5 {04 s sk 1a) (14
HER, =G 1M -3-IE S 2 T MR
75 d B, =270 1--F4-3-0E & im CJege it 22
SEGHEEELH 10.82+0.74 pg/ul; ELIGAH4H 10.30+
0.22 pg/pl; = i & R A B 4H 9.94+0.43 pg/ul) (P>
0.05), {H A= T W S A T4 gH .tk mT
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TE 0~75 d BRI [l LR UEXS 17 i IR AR, 1T 75 d
J& XS S R IC 22 5 (P>0.05) .
B2 5T . RIS T Al 5 Mg D7 S A AN A
ReefiAT 4 2- Bl HLAT AR AR, FE3eA I
A AL, 0~75 d Wt P, A8 = FR4H Y 2-5%
i & HE (75 d, 4.59+0.28 pg/ul) W 358 TR Ei 4
(P<0.05), A] BEE b HR 7 sl TS i, 2-1%
FEMR IR 2 S &2 - E A TR ™), BAT 3Rk
AT, 7E 0~100 d WoEeHI PN, =487 2-1%
=S R el A v < M = I el =g R SRA s 31| s AP N S EAE
EFRE (P<0.05), SikE A e LI (HAEA
2 (P>0.05), X 5ok HEPO (19 4e—3. Akl



%453 55 15

UL, 8 R RERC AT AR B8 XS 17 v i) 2- B, {HAE 2-1%
FEmRm A b, R S P CR HAAE 0~75 d N
T #2557 (P>0.05) , {XAESS 100 d B iy TR TR
21, AEXT I H ASEAT WA 25 A BB PR i & B,
X3z v A SRR T A R S AR B e A 56 1T S
B NG IATETT AR AL

XFHIFR A Y 2R RIS Atk &
PN DA e SEPAE S B PR SR A (X AH A =
AEPYL AR T R R T I SR A R
BT B8 G 17 v EE L XU ) T, O T L 2-B3 AT
125 05-3-WE4E s TG IR . A, 2-BE . 2-1%
FL IR S5 Al X0 32 XU 7= A= A 22 s AS TR AR 8 1 0 =
SRS S P BRI 2 (P<0.05) , {EAEAH RIS
FAFR, 3G FE KA TR AR AR IS .
24 REITE

SR PR G 77 XU & B B B RS bR . &
100 d Py IEEAsTTE], = 2H X837 R E P03 36 AN R R
BER R B (E] 6~ 8), JUHIZ A TRIEEIR, {0 =5 ik e
R R E PP IR e — 4 P R AIR A o BRI 25

5 -a-0d
25d
3451 —x—50d
o 75d
A 100 d
91
9.0
8.9
8.8
8.7
6 *om o IR

N
\

TR
L6 RURARAT I o X XS R VA (52
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