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Effect of Freezing-thawing Cycle on the Quality of Prefabricated
Mushroom Soup

LU Qi, YANG De, XUE Shujing’

(Institute of Agro-Products Processing and Nuclear-Agricultural Technology, Hubei Academy of Agricultural Science,
Wuhan 430064, China)

Abstract: To investigate the influence of freezing-thawing cycle on the quality of prefabricated mushroom soup, the
differences in the basic indicators of mushroom soup including microbial quantity, color, soluble protein, reducing sugar,
and total phenolic content were compared among unfrozen samples (control) and repeated freezing-thawing samples.
Besides that, the equivalent umami concentration (EUC) values and volatile flavor compounds in those prefabricated
mushroom soup were further analyzed by high performance liquid chromatography (HPLC) and gas chromatography-mass
spectrometry (GC-MS), respectively. The results showed that the first freezing-thawing treatment comprehensively affected
the quality of prefabricated mushroom soup by decreasing the content of basic components (reducing sugar, total phenolics
and total amino acids) and flavor (EUC value and volatile components) of mushroom soup obviously. The effect of
freezing-thawing cycles (1~5 cycles) on the quality of mushroom soup was further compared. When the mushroom soup
was frozen and thawed for three times, the content of soluble protein in the soup decreased significantly (P<0.05), in
addition, the EUC value greatly decreased from 0.441~0.450 g MSG/100 g (1~2 freezing-thawing treatments) to 0.407 g
MSG/100 g. Microorganisms began to be detected in the third freezing-thawing prefabricated mushroom soup. In the
subsequent freezing-thawing treatments (4~5 times), the content of total phenolics, total amino acids, and EUC value of the
mushroom soup were relatively stable, while the content of nucleotides, soluble proteins, and volatile components
continuously decreased, together with the bacteria kept proliferating. Consequently, the freezing-thawing times of

prefabricated mushroom soup could be monitored in twice for final consumption.
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Table 1 Comparison of basic indicators of mushroom soup during repeated freezing-thawing cycle
£zt it 1% VRl PRI VRRh3R VR4 RS
KIGFF# 1A 7% 50 (CFU/mL) 0 0 0 0 0 0
7% B (CFU/mL) 0 0 0 3 5 22

L 83.87+0.06" 84.06+0.02¢ 84.53+0.22¢ 85.36+0.11¢ 86.14+0.11° 86.43+0.10°
Bt a —3.82+0.24° ~0.60+0.20° -1.62+0.17° ~0.46+0.025" 1.24+0.16" 1.28+0.095°
b 36.64+0.01¢ 40.12+0.47" 38.04+0.27° 38.11+0.18° 37.82+0.06™ 37.38+0.18°

Al % (g BSA/L) 0.23+0.03" 0.23+0.02° 0.2120.04° 0.16+0.01" 0.16+0.02° 0.13+0.01°
R JFEHE (g Glw/L) 2.13+0.04° 1.48+0.02° 1.4740.01¢ 1.49+0.01° 1.56+0.02° 1.53£0.01°
S (g GAE/L) 0.61+0.04" 0.52+0.09" 0.51+0.05" 0.50+0.03" 0.49+0.06" 0.54+0.08"

T ATV FRER R FOR 22 5 3, P<0.05; &2~3K3 (A,
2 HAME SRR SRR S X L (mg/L)
Table 2 Comparison of 5'-nucleotide content in mushroom soup during freezing-thawing cycle (mg/L)
fi 1% VR 21k TRih3 K Triahax RASIK

5'-CMP 21.79+0.18% 21.37+0.05® 23.18+2.24° 19.78+0.27° 19.88+0.68° 19.89+0.32°

5'-XMP 10.57+0.08" 10.34+0.07° 10.18+0.03° 9.75+0.18" 9.61+0.28" 9.58+0.14°

5'-UMP 16.52+0.72¢ 15.77+0.63¢ 25.49+0.39° 21.22+0.57° 17.84+0.61° 18.73+0.46°

5-GMP 15.25+0.25° 15.64+1.30° 14.83+1.73° 9.30+0.55" 8.27+0.28° 7.68+0.24°
5'-AMP 165.41+0.82° 148.18+0.90 146.27+2.15° 150.03+1.91° 150.15+0.65" 146.77+0.46°
fEEIRAR R B 191.23+1.33" 174.16+1.28" 171.28+3.02% 169.08+2.62% 168.03+1.12¢ 164.03+0.84¢
a8y 229.54+1.64° 211.26+3.57° 219.95+5.62° 210.09+3.25° 205.73+2.73¢ 202.65+1.37¢
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Fig.1 HPLC chromatogram of 5'-nucleotide standard and
mushroom soup
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Fig.2 HPLC chromatogram of amino acid standard and
mushroom soup
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Table 3 Comparison of the amino acid content in mushroom soup during freezing-thawing cycle (mg/100 mL)

1% YRRl IR YRR RAl3IR RA4aR YRAkSIK
&R Asp 9.04+0.53" 8.51+0.44° 8.38+0.49° 8.11+0.53" 8.65+0.47 8.51£0.39°
B AFGlu 19.110.79" 17.93+0.50° 17.93+0.73° 17.35+0.88" 17.49+0.34° 17.35£0.37°
25 R Ser 12.81+0.11° 11.97+0.11% 12.29+0.11° 11.97+0.11% 11.86+0.15¢ 11.76+0.14°
H &/ Gly 7.35+0.08" 6.600.08° 6.83+0.08" 6.68+0.08" 6.83+0.15" 6.600.09°
2 R His 5.12+0.26" 4.50+0.33" 4.80+0.16° 4.50+0.19" 4.65+0.38° 4.81+0.39
IR R Thr 13.92+0.22° 12.02+0.13" 12.14+0.21° 11.78+0.25% 11.66+0.18% 11.54+0.11¢
NERAla 17.98+0.18° 16.73+0.11° 17.44+0.36 16.64+0.19° 16.47+0.09° 16.29+0.18°
fili =B Pro 8.40+0.12° 7.46£0.15° 7.71£0.13° 7.59+0.14° 7.48+0.16 7.48+0.15°
& AR Tyr 14.66+0.29 13.94+0.25° 13.94+0.20° 13.94+0.26° 13.76+0.19° 13.76+0.21°
AR Val 14.27+0.43* 13.22+0.31° 15.09+1.29° 15.56+0.86" 14.04+2.20° 12.75+0.71°
i i Met 6.41£0.36° 2.24+0.17° 2.98+0.19° 2.68+0.21° 2.68+0.01° 4.02+1.51%
AR le 11.68+0.24° 9.96+0.18" 10.35+0.23 10.090.26" 9.69+0.18° 9.83+0.22%
SE R Leu 18.86+0.26" 17.55+0.16" 18.080.19® 17.29+0.39" 16.51£0.25° 17.03+0.54%
KN AR Phe 12.54+0.17 10.730.20° 11.06+0.22° 10.73+0.19" 10.73+0.20° 10.73+0.18"
O R Trp 25.30+0.41° 24.28+0.51° 25.09+0.34° 24.07+1.02° 24.48+0.33 24.68+0.47"
Hi =R Lys 17.23+0.15° 15.04+0.25° 15.48+0.25° 15.18+0.44° 14.75+0.17° 15.18+0.44°
DT IR 120.1942.24° 105.02+1.62° 110.26+2.53° 107.38+3.64° 104.54+3.27° 105.76+3.58°
e TT IR 94.46+1.11° 87.66+1.08° 89.31+0.72° 86.77+2.44° 87.17+1.07° 86.54+1.33"
ff IR S TR 28.15+0.65° 26.45+0.48" 26.31£1.19° 25.46+1.45° 26.14+0.63° 25.86+0.72°
AR 2 LR 60.47+1.67° 54.80+1.52" 56.40+0.72° 54.66+0.89" 54.29+0.92" 53.67+0.76°
TR SR 94.16+2.23 82.46+1.27¢ 87.45+2.63" 84.9143.33 82.77+2.26° 83.85+3.24¢
Tok LR 31.89+0.53° 28.98+0.48° 29.41+0.54° 29.12+0.72° 28.50+£0.45° 28.94:+0.62°
B IR 214.65+4.20° 192.68+3.06° 199.58+4.07° 194.15+6.05° 191.71+4.53° 192.31+5.87°
N R IEIR B H LR (%) 55.99 54.51 55.24 55.31 54.53 55.00
o BRI/ AE T FIER (%) 127.24 119.82 123.45 123.76 119.92 122.22
fif R 2R o5 L (%) 13.13 13.73 13.18 13.11 13.63 13.45
IR SRR 5 1 (%) 28.16 28.44 28.26 28.16 28.32 27.91
TR IR 5 (%) 43.86 42.80 43.82 43.74 43.18 43.60
TeR IR (5 L (%) 14.85 15.04 14.74 15.00 14.87 15.05
BRI 0.94 0.98 0.95 0.94 0.97 0.95
T AT EILRR: Lys, Trp, Phe, Met, Thr, Ile, Leu, Val; ffBRZILAR: Asp. Glu; SR IERR: Ala, Gly, Ser, Thr, Pro; 7R ZILAR: His. Ile, Leu, Met,

Phe. Trp. Val; jT:ll G HEIR: Lys, Tyro

Asp)5 5" MHTR(S'-IMP, 5'-GMP, 5'-AMP, 5'-XMP)
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Fig.3 Comparison of the equivalent umami concentration in
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mushroom soup during freezing-thawing cycle
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Table 4 Comparison of volatile compositions in mushroom soup during freezing-thawing cycle
e WAHE (RERE (min) PERCA0)
it 1% VRAR TR Rmh2IK R Rmha RS K
T2 (4)
N-CLEEF I 1 4.15 41.03
FR 2 4.18 7.66 - - - - -
T e 3 425 6.96 - - - - -
N-FI5E 5 T i 4 4.85 - - - 16.17 7.65 -
JEH(8)
ECkE 5 432 - - 66.13 - - 138.72
T+ =k 6 8.151 - - 0.89 - 0.31 -
WL 7 13.82 4.46 - - - - -
W D 8 13.85 2.79 - - - - -
R 9 8.43 8.26 - - - - -
LHIR 10 10.26 8.56 - - - - -
PR 11 10.65 8.23 - - - - -
13- TRUT 528 12 19.52 10.04 - - - - -
2 (14)
PRT 13 4.54 62.65 - - - - -
L 14 6.60 3223 15.58 20.58 20.3 20.16 -
S 15 12.52 16.23 - - - - -
1E S 16 13.65 2.47 1.52 2.51 2.63 9.87 -
FOEE 17 17.15 15.89 12.22 27.25 12.87 25.89 19.82
6-FF Ji-3- e 18 18.35 4.19 - - - - -
S 19 18.41 4.47 - - - - -
1-2F45-3-1% 20 20.64 782 4835 97.15 64.27 100.23 101.69
2-ZFEC 21 22.34 5.86 - - 8.11 3.17 0.63
e 22 30.22 11.02 3.34 3.71 1.58 3.54 411
3,6,9,12-PU 4+ Puke-1-F 23 38.54 - 0.63 1.33 2.09 1.84 0.31
N T 24 39.31 395.96 49.83 70.93 47.1 92.89 15.67
75 HE 25 39.36 - 0.26 1.15 - - 0.2
HHEE 26 41.17 - 0.07 - - - 0.78
PRI (8)
S 27 6.34 125.44 86.33 98.17 81.58 93.01 111.06
I 28 9.35 69.42 36.11 56.87 4437 47.01 64.4
2- 3 29 11.91 11.81 - - - - -
4,6- - FHE-2- B 30 13.55 2.43 - - - - -
3-3¢fil 31 13.86 - - 0.85 3.61 8.24 1.34
3-BkTE 32 21.33 6.87 - - - - 7.65
BT 33 21.39 - 2.8 4.85 - 4.7 -
ARHIEE 34 24.01 76.01 53.96 71.34 50.96 83.76 76.61
i (5)
12-5e 7k 35 8.84 - 0.65 - 1.43 0.33 -
LR ik 36 9.11 - 3.83 4.69 15 1.21 -
15- ek 37 38.72 342.15 335.32 29235 325.18 262.64 388.85
18-k 38 39.21 60.25 7.05 72 6.26 4.18 6.02
Nk 39 45.46 - - - 39.68 - 7.61
Mk (3)
3- TR IV Jie 5L 75 1% Y T 40 426 - - - 23.45 25.3 -
LRSI 41 5.30 - - 12.17 13.43 13.3 -
WHE =2 /2 = T 2 8.81 - - - - - 1.24
IMEEY(4)
R 43 428 - 114.15 - 118.16 - -
1K g 44 5.07 - - - - - 1.02
MHAE 45 12.18 10.85 6.27 10.45 10.28 13.65 6.41
2-F ek 46 14.45 - - - 1.07 1.52 -
B, m2(2)
S-RUT SR Emy-2-FR2 TR 47 4.63 - - 35.33 - - -
2A4- BT HOR 48 46.51 532.79 423.08 280.82 265.61 159.73 -
At 1965.18 1201.35 1166.72 1161.69 958.83 956.56
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(a) Biplot (axes F1 and F2: 69.35%)
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Fig.4 Principal component score chart (a) and variable chart
(b) of volatile components in mushroom soup during freezing-
thawing cycle
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