547 % 5 i Tl B Vol. 47 No. 5
2026 4 3 H Science and Technology of Food Industry Mar. 2026

WS, R IR, VRIEA, A5 A [ BRI IR R0V VN AR T A A AT R 45 e B TR SR [T]. B R, 2026, 47(5):
378-387. doi: 10.13386/j.issn1002-0306.2025020148

XIE Daiqin, XU Yujuan, XU Zhijie, et al. Effects of Liquid Nitrogen Freezing at Different Ambient Temperatures on Freezing
Characteristics and Quality of Wolfberries with and without Stems[J]. Science and Technology of Food Industry, 2026, 47(5): 378—387.
(in Chinese with English abstract). doi: 10.13386/.issn1002-0306.2025020148

» IEREE -

A

IR IR B TR AT AT
URGEHF I St SRR R M

HHE,REE,FER, K R, &xE ¥ @ FRE, T8, KEPE, 2w
(L) A AR EAF A LS R suhn TH AT, RILRAHA R EELET, R ERZ ST
EEEERE, ) RSN 510610;

BB I RFRBAFE RS, A M 510641;

3 EIFTEFIE, )RS M 524048;

4.7 FAEE G E R T Sk AR R MBS A TRNE], T R M 516166)

Sl

i E AR A AR R MR AL R RGO R, RAUN,, TANERNRORITFRE (NF o
NF_gy . NF_pqc. NF_go o NF_jg0 ) « ©RAE%E (AF_40 AF_ ) , DATHLE AL fo RARM AT R L5451 B S0
B, HRET: TAA, N, AR T IRIA K A5 HIK 20%~22% Fo 8%~17% (74 ik FAL T
1.58 C/min B Az MAe 5 ARMAR G TRAKREEZFK) , EARSREGERG 8%~23% F» 6%~53%. A AL
AR N, B4 AR FE (1.58~5.09 C/min) A E AW (0.21~0.78 C/min) 9 2~24 4% ; 3t & /i 69 4% & B R T HF
57 NF_gg . ZNF_ 15 >NF 70 >NF_5 >NF 30 >AF 4y >AF 5, 4 3.94 C/min (NF g, 2I2L) A KRR F
T, AARERK, BARSHRAR . BRI NF o RIBEEF SR RBRIE MY 75% AL, &iF
BAAH SRR, TIRIRKRFANA 0.93%. Pearson Foff £ A7t — FIEBE T M ALK A XA NF_g) o 897 H2H)
Ao FAEY, BAKRREILT 1.58 C/min, MAAHIT REALZHRGRP AR AANR, FR/AFT R GF
AR TARGIRE; ARTRALZR, YARRERSAGEACRF. B ORRAZSRAGRETHS A RAE>A%
BRESEMAR>ELETR B ZHRLERAMACA K TREZ K f B R85,
KGR M A, Ak R AR, R, R A

hES %S TS255.4 SCERARIDAD: A EHS:1002-0306(2026)05-0378-10
DOI: 10.13386/j.issn1002-0306.2025020148

Effects of Liquid Nitrogen Freezing at Different Ambient
Temperatures on Freezing Characteristics and Quality
of Wolfberries with and without Stems

XIE Daiqin'?, XU Yujuan', XU Zhijie'*, LIN Xian', YU Yuanshan', PENG Jian', PENG Langqing*,
LI Wenchao®, ZHANG Qianmingzhu’, CHENG Lina""
(1.Sericultural & Agri-Food Research Institute Guangdong Academy of Agricultural Sciences, Key Laboratory
of Functional Foods, Ministry of Agriculture, Guangdong Key Laboratory of Agricultural Products Processing,
Guangzhou 510610, China;
2.School of Food Science and Engineering, South China University of Technology, Guangzhou 510641, China;

RS EEE: 2025-02-20

BEEWHE: ;&4 & 2538843 %) (2023B0202080003 ) ; 7~ A 4 IR AL = b bk XS E RAFL AN AT AN EZRAR (M THREF 2B ABEHR)
(2024CXTD16) ; FAAERKEFR (2023015) 57 F AR LAFRIRA LA 4L 42T T4 (2025ZYTS0703) 5~ A AR LA FRAHAS
Fl#ER TR A (R2020YJ-YB2001 ) -

TEERIA: 3 (2000-) , %, AR A, B @1 Rdaft 3, E-mail: xdaiqin@163.com.,

*BEES: ZwH (1990-) , %, W4, SIAFR R, B 77 @ R3EH R A L, E-mail: cheng lina@mail.scut.edu.cn,,


https://doi.org/10.13386/j.issn1002-0306.2025020148
https://doi.org/10.13386/j.issn1002-0306.2025020148
https://doi.org/10.13386/j.issn1002-0306.2025020148
mailto:xdaiqin@163.com
mailto:cheng.lina@mail.scut.edu.cn

4185 E S

3.Lingnan Normal University, Guangzhou 524048, China;
4.Guangdong Supply and Marketing Green Agricultural Products Production and Supply Base Operation Co., Ltd.,
Guangzhou 516166, China)

Abstract: This study investigated the effects of stem presence and freezing rate on the freezing quality of Lycium
barbarum, nitogen (N,) and air were employed as heat transfer medium for quick freezing (NF_3g o NF_50 . NF_g4 o,
NF_gg o, NF_jgg ) and freezer quick freezing (AF_y, «, AF_y; «). The freezing characteristics and quality changes of
Lycium barbarum with and without stems were analyzed and compared. The results indicated that the weight loss rate for
the air group and the N, group with stems were 20% to 22% and 8% to 17% lower respectively, than those without stems.
Additionally, the nutrient retention rates increased by 8% to 23% and 6% to 53%, respectively. Notably, the difference in
weight loss rates between Lycium barbarum with stems and those without was significant when the freezing rate was below
1.58 °C/min. The freezing rate in the N, group (1.58~5.09 °C/min) was approximately 2~24 times greater than that of the air
group (0.21~0.78 °C/min). The quality retention effect could be ranked as NF_g; o« =NF_, o) «>NF- 50 >NF_s; («>NF_; o>
AF_,5 «>AF_,, «. Under a freezing rate of 3.94 “C/min (NF_y , treatment group), a higher the freezing rate, resulted in
better quality preservation. The nutritional quality of Lycium barbarum with stems in the NF_,, ¢ treatment group
maintained more than 75% of the fresh wolfberry quality, with the color closely resembling fresh wolfberry, and a weight
loss rate of only 0.93%. Pearson and cluster analyses further confirmed that the optimal freezing mode of Lycium barbarum
was NF_g, ¢ with stems. The results indicated that when the freezing rate was below 1.58 “C/min, the protective effect of
wolfberry stems on fruit freezing characteristics was more pronounced, and the impact of heat transfer medium on quality
was greater than that of freezing temperature. The freezing rate was the decisive factor for quality when Lycium barbarum
was frozen with stems. The factors affecting the freezing quality of Lycium barbarum could be ranked as follows: Lycium
barbarum stems>freezing rate>heat transfer medium>freezing temperature. This study provides a theoretical basis and
technical guidance for the freezing processing of Lycium barbarum.
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Fig.1 Appearance of stemmed and sessiled wolfberry
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