547 % 5 124 i Tl B Vol. 47 No. 12
2026 4F 6 H Science and Technology of Food Industry Jun. 2026

BRI, SHAETE, T AUER, A b TR A B OGE A R RO ECE Y 0 M (0], B A Tl BR B, 2026, 47(12): 382-392. doi:
10.13386/j.issn1002-0306.2025050287
HUANG Xinyue, MA Feifei, HE Daiqin, et al. Analysis of Three Pre-freezing Treatments for Optimal Freezing Suitability of
Tricholoma matsutake[J]. Science and Technology of Food Industry, 2026, 47(12): 382—-392. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2025050287

» IS {RES -

=R B PA R RS B B AT

R, OIEE, MK E, T8, TxIE, B I, RAE
(% &y B R AL F 12 R = S TAFRPT, 2 d %8 650221)

W EARTRR A AT ABOETH, AFRTRAKIELEA (RSF) | Zix# A (ICF) AR AR
FikA& (LNF) sTH 374, F4E-20 C FARK 180d, HEREF XM ABMEGALHFNR, BEASHRET &
RREEFERE T @Y. ERE T, 5% AKEML, ICF A= LNF X E 94 5 B A £ 48 6940 % 0 18] F= £ 3 09 74
% (P<0.05) , £+ LNF #9& 2R E &M% (0.85 C/min) , F LNF 432 6940 3 742 4 0 18] & L 24769 K o
Fa T A B = 4%% o HABIANE, MEHNABE A RIT I, TR AL EAET 4 b F EIKIR KA RSF,
ICF. LNF, #%/% @1 £4&M % LNF. ICF. RSF. ZBE&EM 7 @, 4B A LB (superoxide dismu-
tase, SOD) #= % & #4LEE (polyphenol oxidase, PPO) Ht3) E FleAa 4, LNF &3 A=Ak P LI miEay
SOD & /] % PPO & A #p#lfk 71 . A ABAT B aE K, MFEHE, TERZaOREMEZHAER, LT
RSF 432 & E 5K T AR ETEREEO69R K (P<0.05) , W LNF &LEITEHER LM ORI ARE2ME, &
FIEE R, LNFAEGMELA 2 HOREHETE. H LA, LNF QERAH A FEIREGRRS R, TH
Fy A IR AT KL L 6 A ik A

KR R TR R Rk R, DI R AT B, A E R

FE52E5:TS255.1 SCHERARIZAD: A X EHS:1002-0306(2026)12—-0382—-11
DOI: 10.13386/j.issn1002-0306.2025050287

Analysis of Three Pre-freezing Treatments for Optimal Freezing
Suitability of Tricholoma matsutake

HUANG Xinyue, MA Feifei, HE Daiqin, WANG Haidan, LI Ronghui, HU Xin, SU Huosheng"

(Agro-products Processing Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650221, China)

Abstract: To examine the suitability of different pre-freezing treatments for Tricholoma matsutake frozen storage, three
pretreatment methods—refrigerator slow freezing (RSF), immersion quick freezing (ICF), and liquid nitrogen spray freez-
ing (LNF) were applied. Tricholoma matsutake were subsequently stored at —20 °C for 180 days, during which the effects
of different freezing methods on freezing characteristics, post-thawing sensory quality, enzymatic activities, and other criti-
cal parameters were comprehensively assessed. Based on the experimental results, significantly shorter phase transition
times and higher freezing rates (P<0.05) were observed in ICF- and LNF-treated Tricholoma matsutake compared with
RSF-treated samples, with LNF demonstrating the fastest freezing rate at 0.85 °C/min. Additionally, superior retention
capacity for both moisture and soluble solids content was demonstrated in Tricholoma matsutake treated with LNF during
frozen storage. During frozen storage, browning and texture softening were observed in Tricholoma matsutake, with the
browning index ranking in descending order as RSF>ICF>LNF. At the same time, hardness values were maintained in the
sequence LNF>ICF>RSF. Regarding enzymatic activities, a progressive reduction in superoxide dismutase (SOD) and
polyphenol oxidase (PPO) activity levels was observed in frozen-stored Tricholoma matsutake throughout the storage
period. Among the three methods, the LNF treatment was found to exhibit the optimal retention of SOD activity and the
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most potent inhibition of PPO activity. With prolonged frozen storage, the total sugars, soluble protein, and total phenolic

content were decreasesd in Tricholoma matsutake. The loss of soluble protein was significantly reduced by RSF treatment

(P<0.05), while LNF treatment was more effective in retaining total sugars and total phenolic content. In conclusion, LNF

treatment was demonstrated to be the most effective approach for maintaining the frozen storage quality of Tricholoma

matsutake. It can be considered a novel pretreatment option for Tricholoma matsutake prior to frozen storage.

Key words: immersion quick freezing; liquid nitrogen quick freezing; Tricholoma matsutake; freezing characteristics;

enzyme activity; bioactive substances
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Table 2 Sensory evaluation criteria of Tricholoma matsutake
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Fig.1 Freezing curves of Tricholoma matsutake with different
freezing treatments
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Table 3  Freezing parameters of Tricholoma matsutake with
different freezing treatments
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LNF  7.61£0.79° 13.67+2.17° 4.83+0.29° 0.85+0.07°
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Fig.2 Effects of different freezing methods on the juice loss
rate of Tricholoma matsutake during frozen storage
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Fig.3 Effects of different freezing methods on the total soluble
solids of Tricholoma matsutake during frozen storage
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Fig.4 Effects of different freezing methods on the moisture
content of Tricholoma matsutake during frozen storage
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