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Abstract

Against the background of continuous progress in modern food processing technology, the freeze-
dried food industry has entered a stage of rapid development. With the advantage of well retaining
the original nutrition, flavor and shape of food materials, freeze-dried food has gradually attracted
extensive attention from the market. At the same time, freeze-dried food is prone to quality deterio-
ration during production and storage. How to effectively solve the problem of quality decline on the
basis of fully retaining the nutrition and flavor of food materials has become a core issue to be ur-
gently addressed in the current food industry. Taking the quality of freeze-dried food as the research
core, this paper systematically sorts out the internal mechanism of multiple factors such as raw ma-
terial characteristics, freeze-drying process parameters and storage environment affecting product
quality, and discusses targeted effective countermeasures to improve the quality of freeze-dried food.
Using the comprehensive literature analysis method, this study deeply analyzes the regulatory ef-
fects of key variables such as freezing rate, precise control of glass transition temperature and bar-
rier properties of packaging materials on the microstructure integrity and rehydration capacity of
freeze-dried food, and evaluates the application potential of new auxiliary freeze-drying technolo-
gies and intelligent quality monitoring strategies in actual production. The results show that the pre-
cise collaborative regulation of raw material pretreatment methods and freeze-drying process pa-
rameters is an important basis for maintaining the quality stability of freeze-dried food. The intro-
duction of functional protective agents in production combined with intelligent models to optimize
the production process can significantly improve the color, texture and antioxidant properties of
products. In conclusion, the high-quality development of the freeze-dried food industry in the future
should focus on the innovation of green and energy-saving freeze-drying processes, the construction
of a standardized quality detection system and the whole-chain quality and safety control, so as to
gradually promote the transformation of the industry from the traditional export-oriented model to
a modern development model with high quality, high efficiency and sustainability.

Keywords

Freeze-Dried Food, Quality Deterioration, Process Optimization, Technological Innovation,
Standardization Construction

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§
11 FFR&EAIERIIR S

PR R B TR B RO, BRIT SRR TR BORSEOUK MRIR T, B mERRE . 2K
fEEE . REUIKAZ OIS, MR SHRERM &R . BEE SR 28T A0S SR ] &,
RGO BT P R BA AT R K, R R R IX m, SRAEE T A SRS,
L OB i T B KSR S R 1 4l 0 AR — [1] o BAAROR G, B B O A 34k A2 LR 175 77 01 P
RE7T, RERAREBEERMAG R EFRET, MR a0 L AASERKRE /IR ok, Bk
AR O TRIE UG, EEORARA KUK, T HL A KRR ARG, AV W IR e R i s, 0
RITAE. BUAEVR T b I N S B ok, Fat AR IR T 3AT I i AL SER G A T 4t =

DOI: 10.12677/hjfns.2026.153035 305 T

i3

el


https://doi.org/10.12677/hjfns.2026.153035
http://creativecommons.org/licenses/by/4.0/

TS MUK B Y R R, T RS K. SR, AR BRI SRS, 7 A R
— PR ROKYEANTEE | (P UK 2548 LA B 1o 60 PR BEFE A0 AR 55 1) L, A AR M) 20 AT M ) s o e A e [2] [3] o
HHT, FARFG PSS TP TR RS SR A0 RTE I T2 R R R BB R R T MR
SR VOB AE) 2R, SR AR G R VR T8 it B A DR B IR 1T PR R A P B SR T S

12. RBEHSERESR

BEOS RO TSR R IR T8 MBS S AE R GRS R AR I R B R K, IR BT
MIGRHFAL B . TS H AL B0 5 A0 2 ) A B 2 b SR ML, RIS & 38T s i i 5 %
CERHREWHZ AR T W e B EORMRRVE 5 TIUAL B T SRR L, BEORLA B BB R L L A B
PASIEBE VIS TR B IR, #R4 B e SR T RCR 5 i i i $005 B R IR A R c S
B ok R, JA L) RG], DOREEA SR . MR BT B ) S 7 i i B RS, 3K
PRFR A o R A% Lo ARG SRR SETH R BOR QIR 55K, R 0 AT RS PISREEREE i
RGETRAMEIBERE, NSRRI S R4 AT E SRR R, SEH R R K
JEJT A S 5, RSO RE R TR kR R RS A MBI S %

2. BT RmmRSERXBIEER
2.1 FRFESTAET ZHR M

JEORFE) [ A R A B HEAT IR RS MRS E iR E 1 e 287 Bt B o SRR SR IR 22 57 3 B IR 45 R AT
DA, EEFEMERT R R B, ZEXEEEAIT ORI, GRS R A RS BRI R 5, 5
RAEFRAL TR SR W RTER BRI E , O )5 A i v R o HIAR A BARAS R R oS8,
I [S]LURIORT B, R IL-25°CHA R B IR TR K YE fedy, 3R W B 1074 VR IR B L AL e b
TS, T CE S ST FLIR -

Fiab PR 75 3% IO A5 R S S BTV IR Y o R T e VR, B A AL B (e 7 ) S
AT WHUERM], DAL RO TAL B RE 35 B dh W AR AT AR, A B T Ja SR T MR b S A L IR B 2B
R R A S5 4 [6] -

22. RESTHRIESHBIENH

ORI BURZ O AE THEHI KR o VR R LR RE UK BB 5 RN PR A VR BETE LA /N8 ST R UK
i, AT B R PEE Ul D xR I 2 #) B LR 3 [ 7] Sz 18IV R TR R KUK 2 RIBR AR, 51 A
B, HRGHTAR L.

TR B R R 2 NI S . SO AR TR R (T) /& By LE 25 K 45 B PO S B R PR IR 2
W A ORI T A R R R T, (EHAE T R P ARAF B S, INTO4E S5 a5 M RaE [8] . THE S T il
JERAR T AR A 0RO TR R I B S Z R [9] . TR IR s 77 AR
b R oG B . i A S [ L0 EVR T IR G E ARG A R I, SR FH /I (0 3 1) o RS 1 24 S5 IR
B, BEA REETH™ it o -

2.3 MRS A EMRNNEEER

PR i 2 FLR SR A AR I AR 2 S NS R0 o D il P2 8 ) 4 J 38 I i o 5738 o T BE T v
AR 1G58 S G TE, RGOS, ARG IAE, BT Re T RAMENE . Bz
PEAF LI FCIESE, ARG IR 4R R T 6 il A0 o o R AT 2B

DOI: 10.12677/hjfns.2026.153035 306 5 E R


https://doi.org/10.12677/hjfns.2026.153035

R gy 55

BLZEPDRE 1 Bl 2 HRAE /1 55 0 1) 852 S5 —SE BT 2o e BELIR M (R ) 2 0 7K 28 R 40 I B 26 e A AL
L AR B BT[12]. 2R [A3]FIAR SR, AREADRIFE IR MR AS 2 /e 2T S dn 5T R PR B
ARz —o R, GRS FEPELr . FHLRR R v B B RE, O ORE R 8 il B0 B2 2R3 S5 AN T s

3. HEMEFTREHNREBERESH
3.1 Rir¥k: WRSEFLE

XEFRBRGRT 7 iRk, AE BRI T, SR KRR E A 5 10 2 fLE M, X,
PIRE IR S Wl . KRR BOZAAT LRSS, R TR T B R AL, SR,
SRR A . — B 7K, sRSE B R R LR 2, R RGBS R AT R, &
IR, — RAAEIZ . T HRIEA R R H A, Wk e, RGN 2 % A M e 5 A2 A AF i
AKX, SWAESN I E, RS B R AR T . AR, R AR (R BT IR, SRR K
RO S, WRFEATHEE MR, e 2R T,

A X BEE R, AFEFERRGE, TSR AR E G B2 AR BE R X TR R AR
AT AE A — R, AR R, AR LR RETRe, T E AR A R R B A A,
Ptnbioy . 4EER . MRS EAA ZR, REEMSER TN RSO Frilid, il
ANBEF] — P55 B MR R B A KGR R T i AR ) R, IRFERCR 0 AN o A AR i L A R WA S ™
i, GSEEHSIRE, KX, AT S BRI A B A, SERR TR B B
ZRI S0 R b o DR T
3.2. ERSAMIR: Bkt SEHRH

RFHRTEE R BRYREE, BOKJG RISk g BYEN DR 8 . ROKIN, K it WA
WMRSGEN, AN REG M. B, R T T2 IR W R A I E M KR 5
RN T VA VR, DKt ) B 5 o T A 1 55 D % 1) R R M % K A 85 5 R 77 v A R R [14]
33, ARIBSKES: BERSEHAK

PSRRI i & 5 B ORI AE I Tk b 5y % B R A AR VEA A A Al , S S Astg L 7
A o T ) S . SR SRR AT (15146, SRR RO R, AR B W PRI 0 A R
B D o SR PRIE S U o A8 IR R TR 7R (U A A R R ) LA B Ao v BELRG B2, 2 AT R It ki
2.

4. BT RmmBUEAHEARBIF S IR
4.1 SREBEIEARS TZMA R

NG T BERE R . KIS, IRE TR SRRSO A s g i, 40
SREMPGH TR SR TE G, ATRIEM RN, &2 e A SO ARE, AT A6 T HR I 8], P MR RE
[16]. B REL Il 5z H 2 AR T 2RI R TR GEMPLAS 7 0 R T I AR AT @i iz s
Pite, WISEOLERGHER T2, FETH dh i BT ) — BRI A P R [17]

4.2. T ORIPFISThEEMER MR RIEA

FEVR T8 i SR T S R BOR T B, S BB TR R 2 HA 7%, iz N T2
ARBFFEE T AU 8 R TR 77 2 ZEEARE R (i B pE) . I 20 L B4l SR S (2R

DOI: 10.12677/hjfns.2026.153035 307 5 E R


https://doi.org/10.12677/hjfns.2026.153035

BB AE, AR ML 2B B AR M KD 7 RSOSSN, g R A RSEEY Ry TH%
AVAE R, DT V0 ) £ o A VR T S R A o R A R S B 5 B 7 e e DR i B W BT o R VR TR Wk
PR RE R AR E RIS IR A S YE R, AT G P A, AR T, ST i TR AR S
B gtiR T ORI HISE, ININRAR T BEPESR U B R S TH AR T8 dh b U 23842, 12 E AT B ™
i, R RER T AN A R R I, S R P IR R OR . AW ER I, AR T A
dn PR IR T A RS, TSR3 G A B SRFHBURGRE Ty, A A e 1] e R AL
SR, D R AR . SBOREARY “IETEARZE e PR TR WP AR A TR BB, B AT
b AEORBR ™ i i 5T AT RIS S T A S0 B T 37 58 5 0 A A ™ i o

5. T KE., HFEARRSEREIN
5.1. HATEIEENRERSE

PR, RTS8, A5, A ARSI ok ik, i IR
B AT R RS SR . (AP R R S A TR BT SR, AT MRSy gk n
W, AP RRVERE . SR S AR, S SR R R R R R, LB R
TR AR RSO . B R A TR R e —, FERNIRIE A4 REUYPPAY
WRYEAS /L 5 [ 18] JEURE 5P EIEAN ™ RS NAHYE, HB 2 il m] BEAFAE R AZAR R L A7 DA 2%
PEANIEARSE R, 3800 T BT S AN AR R [19] [20]

5.2. REEESHFENER

NRBEAT AR AR e, WA AN o 4 BE 2k PR A 2. MRS ™ A T (RN i AN U, R 27 PRS2
R Ty 248[21]. HEERR, Wi e ARE S A X AE @A R A A A T AR R A
B, AR TENE, IR T IR M E I

5.3. REKRFE5 R

ARA, A EGR TR E G e [E pY A T g e R R [22] o R FESRG b, IESE AN
P E St I SR SR I B, I HES IR A TR RIS, B REM RIS BOR, KIEFR(RRERE[23]. [A]
i, Sl RN E . DhaerE. BRI R, BT T 2ot mR .

6. HiLE5RE
6.1. FELD

LREASCHTC AT S, TR FOF IR R E, T2 R R T T 2550
JE BRI A 2 M R A AR L P RN SR G A5 2R . o, JEOREE B SRR AT D B R 2
FOBTEERE . R AAE S, ELRURE TR T M AR IR TR AR B TR A,
e Uk R P OSERERG I, WONESRET L ZRITRIT A M PR E S i T R

FERTRL T AT, MRHER . JHARE THERE . MRS SR h], 2 4Efy
PEA O AH E R . IRIEEDKIE . REE IR 5 KR DT B [, BB EOR IR, )
HIZEAR BRI SRS, gt DI TR, T TR 57 b i i — ks i
DHREVEAR AN & BAE ], ELAE R T ORI (Ui B . SRISE) AN R AR D REAE SR (U A SR ) 558
WU BEA R R T R R T i B 54, I P i R .l BRI 2 TR
MG, FRGVERTHA T RIS M, fRR M RRKMEATE . BB IRSAS . B A SR SRR

DOI: 10.12677/hjfns.2026.153035 308 5 E R


https://doi.org/10.12677/hjfns.2026.153035

i o

SR, A RTR T8 AR S BRI BRI UAS © e, AT R SRSk R, (EATS I
T2 BRI P FEARHEA T, HATAT WA MORIE IS — S8 B BTN 5 47 T2 e, A
[ Al R A I Z2 A K, B> i i RS ZAGE, AT B AR B R EIE R, BT
BN ETURERRNFE L, S ERREEEE . A/ AR G I B LR T It B0 15 1) s 3 447
AIRTLENE; BLhh, KT L EARGRERR I FE, 2 7L RefuR e, i sk
EATRERLR THOR, SCBLRCR HREREH T, RONAT ML AT Sk i 1 2R

6.2. RKRE

S5 TR T8 L R FEBDIRANAEAE A Tl AL, BN, ARSRK TR T8 i B wF FE A SE B2 A
1% B R ERAE LUR = A5 L, SR RE R A IS AT ML K e

Frl AU ERZ BORREMUHIRIBT T . RIS, SR AR ARG — R TR, ZHEA
A RIBOREE Grld ok, HAn LA LA T TR RE S0, FESRIKE B IR & TR L, 18R THRI
T BREOR . B REREROR G Gk, W eZmm i EIER, XFEBRReR s A e, M Redt—»
FETHP i L, R R — ERAFAERI A A2

Rl BEHEIT AT IS R R ROR . BN A FSRIR T &6, RifEERROR, Hinm&
F E R 6, BT AR K, EATE N DAL fE b, A S MR A A IRl
SR, i SRR o T AR R 2 H R TR G E SRR i, PR L T A BT M R FFBOR,
FEX PR OCE AT AL, ALASE] Sh A UR T8 HRE ORAF R 47 B9 A 5T

F= s BRI e 4 LB BT AL BB AR HELL AR R . BUEEIR 2R TR dh Aol AR
BRI AP, Blefkiai. miaiE, &N RREE SN, BEch EE rasL,
— BB AR5 i) AL, AR B A o 17 ELAT L A B0 G AR e, SECRRARAL K fh RS E AT .
It AR R ZE R AR S A B A B R 48, RIS SE 3 prdEfL iR &R, k2B I, miEr & —
ANIRHATE WG, BEREHEEY, XA B RIE i i AR E

LRERE, ARRBATEMRFESAR QU ABRAERE BOX %0 IREN F1, XUEFFR, 55 HEsh R T8
PALSEBURANE (R, ANBLER) “ReAE7 . FIESADN “PHR4F. Maim. AFEE” , kAL
WA S R SRR T R

S E 3wk

[1]  XFI, 3. WF. AN ILFEMESA T & M EE R B[], &4, 2020(2): 8-15.

[2] ZFRA, JUEE, AR URTUAER fl 24 I FE X SR B R I S X R [I]. B A 5 T, 2025, 19(28): 72-74.
[3] HEEFE VRT LA = SR S IR FT[I]. 7 A SE PR S, 2024(8): 66-67

[4] X, 2, MRS, A5 WGRAEXS VR TR i B PR R R W I]. i S ALK, 2022, 38(7): 159-
165+173

[5]1 Z=@&7, 94=, AW, & RTHEARS KRB AR R [0, &5 Tk, 2009, 30(3): 16-17

[6] Waghmare, R., Kumar, M., Yadav, R., Mhatre, P., Sonawane, S., Sharma, S., et al. (2023) Application of Ultrasonication as
Pre-Treatment for Freeze Drying: An Innovative Approach for the Retention of Nutraceutical Quality in Foods. Food Chem-
istry, 404, Article 134571. https://doi.org/10.1016/j.foodchem.2022.134571

[71 A HAR, BEE, & KSRGS FGEWERD]. &5 TR, 2022(1): 12-15
[8] Z=FE), &L AURTIERY FITECCE T8 5 ST P i S R[] A A SR, 2012(6): 219-224
[9] P&, WEE. BRETHLTEERE E R NPT I REF KSR, 2012, 27(2): 189-192.

DOI: 10.12677/hjfns.2026.153035 309 5 E R


https://doi.org/10.12677/hjfns.2026.153035
https://doi.org/10.1016/j.foodchem.2022.134571

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

(18]
[19]
[20]
[21]
[22]
[23]

i, FRE, 8, . HRTRYP TR H0]. o E R0, 2025(5): 100-106.
Prgeth, Jipk, EEBR. Tmmim AR & 505 i m T L IR [O). & iR, 2007(7): 231-234
VIR, W URE SBR[, YRR, 2014, 24(1): 29-30+25.

5. B B AATE I R & R et R[], SR, 2014(18): 20-21.

BRERIR. YAURT ] 0T e R 2 R et R A [D]. R R TR, 2024, 38(4): 30-32

JEMSFE, W, REMR S s i R A e R AR IR R O T R[], L3 TURE, 2020, 41(13): 1-7.

Al Faruqg, A., Farahnaky, A., Dokouhaki, M., Khatun, H.A., Trujillo, F.J. and Majzoobi, M. (2025) Technological Inno-
vations in Freeze Drying: Enhancing Efficiency, Sustainability, and Food Quality. Food Engineering Reviews, 17, 859-
883. https://doi.org/10.1007/s12393-025-09415-8

Mujumdar, A.S., Hosseinalipour, S.M. and Barzigar, A. (2026) Enhancement of Freeze-Drying Technology Using Elec-
tromagnetic Fields and Artificial Intelligence: Future Prospects. Drying Technology, 44, 551-552.
https://doi.org/10.1080/07373937.2025.2567033

My, B, FIRE, & @GS NRERERE ., FERE I REN ] AN Tk, 2024(1): 107-109.
AR . IR A R A R[] B AT, 2019(33): 31

S G, SRR T K £ PR 5 B I R T S5 R [0]. B 2 4 5T, 2018(36): 28-29.

RiE 8, XER, XEFH, & HmER s AN R ER R[] &85 K8 T)Hlk, 2006(8): 97-100.

Bumg, WM REG TR ESHR]. &5 %4 5T, 2019(10): 60-61.

Oyinloye, T.M. and Yoon, W.B. (2020) Effect of Freeze-Drying on Quality and Grinding Process of Food Produce: A
Review. Processes, 8, Article 354. https://doi.org/10.3390/pr8030354

DOI: 10.12677/hjfns.2026.153035 310 5 E R


https://doi.org/10.12677/hjfns.2026.153035
https://doi.org/10.1007/s12393-025-09415-8
https://doi.org/10.1080/07373937.2025.2567033
https://doi.org/10.3390/pr8030354

	冻干食品品质影响因素及发展对策探析
	摘  要
	关键词
	Influencing Factors and Development Strategies of Freeze-Dried Food Quality
	Abstract
	Keywords
	1. 引言
	1.1. 冻干食品产业发展现状与趋势
	1.2. 研究目的与综述框架

	2. 冻干食品品质劣变的关键影响因素
	2.1. 原料特性与预处理工艺的影响
	2.2. 冷冻与干燥过程参数的调控机制
	2.3. 贮藏环境与包装材料的相互作用

	3. 特定品类冻干食品的质量问题分析
	3.1. 果蔬类：吸湿与色泽劣变
	3.2. 面米与乳制品：复水性与结构破裂
	3.3. 肉制品与水产品：蛋白质与脂肪氧化

	4. 冻干食品品质提升的技术创新与对策
	4.1. 新型辅助技术与工艺优化策略
	4.2. 冻干保护剂与功能性添加剂的改良作用

	5. 行业监管、标准体系与发展建议
	5.1. 当前产业存在的质量隐患
	5.2. 质量管控与标准化建设
	5.3. 未来发展方向与产业策略

	6. 结论与展望
	6.1. 主要结论
	6.2. 未来展望

	参考文献

