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Abstract: Oysters are commonly used as ingredients in pre-made dishes, but their quality deteriorate with increased storage
time. To mitigate quality degradation in prepared oysters, the effects of freezing at =18 'C , =35 °C , and —80 “C ; liquid nitrogen flash
freezing at —80 °C ; and immersion freezing were investigated. Freezing rate, physicochemical indicators, microstructure, and volatile
components of different samples were compared to evaluate the effect of different freezing methods. The results showed significant
differences in the time required to pass through the maximum ice crystal formation zone (P<0.05) across different freezing methods
(89, 57,32, 5, and 14 min, respectively). After 30 days of frozen storage, the total volatile basic nitrogen (TVB-N) and thiobarbituric
acid (TBA) levels of all oyster samples were below the spoilage thresholds for aquatic products. Hardness decreased by 51.89%,
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48.65%, 44.86%, 38.92% and 43.24%, respectively. Moreover, liquid nitrogen flash freezing and immersion freezing did not change

the texture of the samples considerably. Microstructure analysis showed that immersion freezing had similar effects to liquid nitrogen

flash freezing, resulting in a tighter structure and better reduction. Volatile flavor substance analysis revealed that immersion freezing

had a positive effect on prepared oysters by delaying fat and protein oxidation, thus reducing sulfur compound concentration. Thus,

both liquid nitrogen flash freeze and immersion freezing are advantageous in maintaining oyster quality, but immersion freezing is

more cost-effective. The results of the study serve as a reference for the aquatic product processing and pre-made dish production

industries.
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Table 1 Effect of different freezing treatments on the hardness, springiness and chewiness on oysters

HeET X 0d 7d 15d 30d
B 92.50 +2.12™ 62.00 +2.83% 57.00 = 1.41" 44.50 £0.71°
-18 C k4t N2 1.64 £0.05™ 1.28 £0.04™ 0.67 +0.02% 0.51 £0.02™
ik 03 1.54 £0.05™ 0.63 +0.04™ 0.60 £0.01™ 0.55 +0.02™
R 92.50 £2.12™ 64.50 £0.71° 60.00 +1.41° 47.50 £0.71>
35 CHh % b 1.64 £ 0.05™ 1.42£0.01" 0.78 £ 0.02° 0.56 £ 0.01™
vEL A 1.54 +0.05™ 0.83 £ 0.04™ 0.62 £ 0.02° 0.58 £ 0.02°¢
g 92.50 +2.12™ 67.00 £ 1.41%° 62.00 +1.41° 51.00 £ 1.41™
80 C AL I 1.64 £ 0.05™ 1.45+0.01™ 0.86£0.01< 0.62+0.01™
ik 103 1.54 £0.05™ 1.08 +0.04™ 0.73 £0.04° 0.61 £0.01"*
594 92.50 £2.12™ 70.50 +0.71™ 68.50 +0.71™ 56.50 £ 0.71
BRIk L it 1.64 £0.05™ 1.55+0.01™ 1.00 +0.03* 0.70 £ 0.02°*
vEL A 1.54 £ 0.05™ 1.35+0.07™ 0.82 +0.02 0.67 £ 0.02™
g 92.50 +2.12™ 68.50 +0.71™ 65.50 £0.71%° 52.50 £0.71°°
Bk A3 1.64 +0.05™ 1.51 +0.02™ 0.84+0.01° 0.66 = 0.02°*
wEL g 1.54 £0.05™ 1.15£0.07" 0.69 £0.01° 0.64 £0.03“™

A RRAKBFHRTRAATRNETALEESZRER, RRDEFERTEARNGFAREREFR.

R 2 TEHREDIEITHIRE L MR S BRI

Table 2 Effect of different freezing treatments on the volatile components on oysters

Ve, 8% B E SRR BT A B, AT DAAT RO R 15 A 0
JEA I RRP R FERBUS R, A — 2
FEFFIRIAAEW), LT REAL HEAL W A A PR
mg}—k[%ﬂ .

s REIE o ah : AT heke) ‘
min & il -18 Ch% -35 Chtk -80 C A%k Rk A R
s 1889 7 36645+ 1698 312531493024 31101821598 6126546837 500922372 52840+ 19.58
4 4344 Py 0 54193868  66.54+15.73 0 0 15.57 +3.27
5.725 e 250224935 163648%508.39 495.67+43.54 78.54+3.48 3494408 60.28 *5.34
8.626 -3 42933+ 10646 1648.46+73.54 400.89+87.10 57.14%13.97 0 0
11.585 g 2110042416 1250.14+349.66 267.58+7.03  63.90 * 4.62 0 4740+7.14
14.39 EX 146122734  673.184£190.50  203.10+624 4230+ 1.83 22.06 + 12.40 0
10.668 E ] 49.04 % 1111 0 0 0 0 0
BEE 11921 RA-24-& -tk 0 134.74 +2.29 0 0 0 0
17.005 Py 0 253.16 % 69.63 0 0 0 0
15.675 B, Ii2,6-F — it 0 24535+ 101.55 0 0 0 0
7239 RA-2-KbhE 0 172.62 +31.01 0 0 0 0
15675  RA-2,6-F % 0 24535 + 11.55 0 0 0 0
7.284 (E)-2- it 0 0 0 10.46 +2.39 0 0
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k2
g WEEE gk : RIS E gke) :
/min s 3hon -18 Chk 35 CA% 80 CA%Z  RRRA 2k ok
12.405 Azt i B 25.45+3.09 0 0 0 0 0
BE 3218 1- %M -3- B3 0 669.49 + 14837  351.90 + 60.50 0 0 6234 +1.22
10.643 3 0 429.99 +76.61 0 0 0 0
31911 ARR-WER—TH  56.21 +25.08 0 0 0 9.07 £ 4.54 0
Ak 30448 AFR_FE—FTHE 31412071 51.17+12.35 0 0 0 5.47+6.07
31.924  12-R=WEAT F B 0 61.34 +26.73 125.11 +78.48 0 0 0
14002 2- F1 0 132.93 +21.47 0 0 0 0
R 19.085 2-+—F# 0 356.89 + 89.52 62.95+1.70 8.90 +2.23 0 7.91+3.80
2.5 ZATH 119.52 +25.07 0 0 0 0 0
21.535 +w 39.83 £11.40 171.08 £30.08  131.53+4.08  28.48+1.06 19.78+2.65 19.16 £6.06
24334 R 20.93 +2.89 88.23 £ 16.74 0 1158028  3.63+£0.64  6.93+226
25.689 +8 13.20 + 1.66 71.30 £39.41 30.23 +3.02 445+£1.04  419%022  3.56%0.40
34.329 —t% 12.92 + 14.04 0 0 0 0 0
18.64 —twm 15.47 +2.53 0 0 0 0 0
23.672 + A% 2227 +0.43 171.16 £ 67.2 13449742  1815+1.04 158%297 13.16+1.39
29.43 10-F A F42 2.08 +0.65 0 0 0 0 0
31.797 -3 =+ )% 10.58 +6.68 0 0 0 0 0
IR 16.846 + =8 30.63 = 12.37 10574 £39.79  103.44 +15.94 0 19.81£9.98  17.72+2.53
T Rt A% 10.28 + 6.99 0 0 0 0 0
27.566 =tk 97.57 £ 117.67 52.92 +13.41 26.56 +2.73 0 0 7.19+2.82
29.424 ety 229 +0.95 0 0 0 0 0
19.244 + =4 0 352.11£115.41  237.88+18.72 0 0 40.26 £11.26
27.668 2’6’1%_1;; LS 0 71.74 £22.23 106.92+23.7  6.15£0.34  3.63+0.64 0
23.386 —tk% 0 0 105.50 +12.57 0 0 0
23.392 =t N 0 0 0 0 9.79 £0.01 0
31193 2-FHA -+ A% 0 0 0 0 10.91 +1.60 0
27.566 AR A kR 0 0 0 0 0 6.87+1.75
8.295 EXa 760.01 +78.75  651.43+291.72  305.72+27.81 2235+043 1238+345 31.69+10.05
12.31 AR s M 20.97 £3.52 223.17+61.04  132.94+2124 4040191 30.94+424 29.37+5.89
9.231 A K 22.01 +3.87 0 0 0 0 0
*ﬁf 6.05 2,5-F ¥y 0 134.12 + 15.99 0 0 0 0
12.304 B 0 223.17 £ 61.04 0 0 0 0
22.196 B-#a A M 0 0 65.54 +3.08 10.11£1.85  6.45+0.66 0
8.321 KIAIRT Wi 0 0 0 22.35+0.43 0 0
4.866 R 2704.25+19523 2087.58 +67.12 1427.66+132.19 0 2776 +£22.16 133.58 £21.73
7.398 AR 53.95 +6.81 144.57 + 58 81 0 0 0 0
7.666 13-=F AR 62.02 +18.22 179.12+9.93 61.57 +0.47 0 0 12.42 £2.02
14772 12,3,4-09 734K 9.96 +0.44 0 0 0 0 0
}%;i 7.678 AR ZF 3R 60.86 * 2.96 0 0 0 936+0.94  9.88+3.26
7.697 xR 0 226.10 +76.36 60.68 + 0.78 0 0 0
14772 3-THAARZFR 0 32.38 +4.51 0 0 0 3.41£1.05
14784  2-THsFZWR 9.96 +0.44 0 36.18 +5.61 0 0 3.41£1.05
13.073 AR R AT R 0 0 28.65 + 16.25 0 0 0
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Fig.7 Effects of different freezing methods on the
microstructure on oysters
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