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Abstract: Ice cream has the characteristic of thermodynamic instability. During processing, storage, transportation, and
sales, temperature fluctuations cause recrystallization of ice crystals and then increase the average size of ice crystals, which
leads to rough texture and poor taste of ice cream. Therefore, inhibiting the recrystallization of ice crystals in ice cream is
the key to ensure the quality of ice cream. This paper reviews the formation mechanism and research progress of super-
cooling, nucleation, growth and recrystallization of ice crystals during freezing. The inhibitory effects of emulsifiers, stabi-
lizers, sweeteners, and proteins in ice cream raw materials on ice crystal recrystallization are introduced in detail. Meanwh-
ile, it also list the contents of freezing technologies such as ultrasonic assisted freezing, magnetic field assisted freezing,
high-pressure assisted freezing, and electric field assisted freezing to inhibit ice cream recrystallization. The development
direction of that is prospected, which provides a theoretical reference for adapting to the trend of online sales, developing
new ice cream products and solving the problem of its crystal recrystallization.

Key words: ice cream; emulsifier; stabilizer; sweetener; protein; ice crystals; technology

VAR, R FE oK T B EZ ) K AR AR E G 3] 1600 147, J& 2015 411737 AR
e E SR A d P gtit, 2021 47 E oK EMA Tk RPN, AR SR, 2023 AEAER VKR TIT 70

WFs B 2023-03-17
{EERIIT: B& (1998—) , 4, A A, A5 7 @) R Fade 5 2%, E-mail: 1104525905@qq.com.
*BEEEE: NEE (1964—) , B, M4, %42, AR @ $UH 5 52 5% Fhm 7, E-mail: livaiguo@tjcu.edu.cn .


https://doi.org/10.13386/j.issn1002-0306.2023030170
https://doi.org/10.13386/j.issn1002-0306.2023030170
https://doi.org/10.13386/j.issn1002-0306.2023030170
mailto:1104525905@qq.com
mailto:liuaiguo@tjcu.edu.cn

%443 5 23

BE S KEEORK RS S R Tt - 395 -

PRI KB 970 /23270, pRIEWRBE2E S/ “ ik 2z
£, ZLEEIRRLEA . g . EERRL. FLABF . faE
o AR AR EEAE N ot B kbl e, DIEE ARy
HERERRZH B & 0 RBP4, SR, i re 7 P skt
FIFIZEFIEr AN S 2R B8 i A B A A5k EE Ik
P POy o REZ S TE SN O o) N (T 3 S S 7 SAERTN
FEIN T, fiiis Fay 85 ol A v K A A R AR B 19 K b A
LS I, AL M EAR 2%, e TR AN SCSE
BT UK AR BIE G AR A FE S | B AR
T PN LEL A R g R, pKTHIR RO R g LA
FaE I . SRS 5T 5 vk S RO+ =2 8] 19 ¢
FR T HT UK A4 S IV E T, I Rai 48 T Y
FB LA UREOR, U FERE 7 PR B IR R | Wi
B REEAR . & RS B AR B AR A Al B AR B
RSP/ N UL IRR - 247 S A R T ANt v bR 435 S )
FHRIVEF, A5 0 i o e A= i, iRV 2R A A
T, BT 72 ity B AR S80I e AT i YEURE U Sl AT S 7 A
oK RS SO S A T2 YE SEH

1 KBRS TE

TEAR KRR b, vRIER O G288 | TR AR A
ST = P A ok R RGP, ok RS & PR VK
VEIbR S B 45 I B EEFR AR, VKRN, 77 R, T
R G, 3R BB AR 22 B VK B4R <50 um!T7
YK EAR BT G RS 4 DB . iz . AR K
FIFFEE ™,

1.1 3%

VR HR T SRR BN UK S I, IS 2357 2048 VK
BZTE K. BEZEE 1R PRI IR B — 2 1338 ST,
IR T AW HL R R A — A I TE ol i SV 22100 TG
EIEH%R .. BSREBARMTRE S G e R IE Ak, (5
SEWRAH T 7K 53T B 15 i SN 2 0 PRI AS T
A1 Giudici 1Y @S T —AS KA R A
Hh 2 B sl SRR, A BRI AR ih 4 i)
FARIRBEAR RS, BaRad v 1R E U is iy -5 B[]
R 2.4~2.7 min, AZEEEEN ST TS B X Rk E R
IV RN, SEIG A B, BEE B S B s, kI
MR P IR A TN . by AR R R, AH
AR AR, A BREITE B A vk AR 22, vk N TR
o3l R, S0V BRI R BRI Az 8T
1.2 B

JNAZFE BRI ST AR AR Sh 73S S AR Ny
PR A AR T, FE A — RN L R T, S —
ARG, Kok B =475 8] 7K o3—FAH 5 Ak
FEI R, (1R A RIS BRI E K>
5, BT SAAFE— DG SR E o, B ER A2
Atz FHE 1, AR A AR TE LR AR
KU, R & RFETE S AZ R —2 . Z )5
Rt i Lo B A A G it — 2 hifhE, A 23R
LA I T R AT, 3R AZE I B 2500

AR YR 35 A Br e, FrAETE AT Y Bl aeAsfb

AG FEPR DA, 5353253 P i s B A
FERL B K b AH I A T B 2R 04 B B REZE AL (RP 5 AT
FEE A FR B LU A1 AR R I ) A ER T K & S T TR
AT =AY B R ge ARk (BRI 55 B #4104 g AR Ee 4] 4
“FRMIT), Fk, BREAZT AG N:

4nr’
3Q

1 AG Sy E AT HT A AR, kI/mol; r A#HkL T
B4R, ms y R H HAE, kI/m?; Q AT HIARER,
m’; p KEEIR T ATHTRE, KI5 Au=u B B-p vKER>0 I
SAHAE SRR RE S . BEIBURT 1 DK ER ST R R 53 FAE
W BTANDK AR T A 235 2 Au=0 I, RGEIRAT; 24
Au<0 B, EAN T R FLIRES

P IS B -3 B AR BRI i (= 7)) L
FEMI AR I E P (KT o BRI, PHIR A SRR E
T8 A HEEEE L AG IS RE, ARSI 454
T B AZIE R ae R, A 1 s . Sk,
AG W YERE A% K A TR

AG = —( )A,u+47rr27

AG 4
AG*
r* r, r
-AG 43

P FESFIRA S R AR T I FUZ IR A B e
Fig.1 Energy barrier formed by critical nuclei under isothermal
and isobaric conditions!"”

I FAZ A AR EI S T g — A S, 2
ok S0 = ORI R T B AR R
JI7N o

' =2yQ/Au

o I A AR KN, ms y S ERTH A
fE, kKI/m?; Q M4 T IR, ms u M EE RS AA B RE,
KJ5 Ap=p 5 5 -0 UK EH>0 S UK shAH AR s R A e H
w BTN g KR53 R 50 F A B AN vk i b 4 A2
M Ap=0 BF, RGBT 2 Ap<0 B, B4 TR
FRRANT,

Chen F5U'8) S256 & A 18 3 R 235 RO R 45 114
AT, KETFI/KITIE AZ RS a1 535328 774111 s
Fi1 508126 s, IXULHH RS HRAGHE & W2 (R 8E T Ak
KRR TEUR, A3 204 R RE S AR S B Ta], AT AR,
2R/ INK T B ARG — U A i, — Ik
JNAZ SRR R IEAIAZ, T Z  CA fAER
AR R T A o — IR A% S 43 Sy FE A A AR



- 396 - £ Tl B

2023 4F 12 A

PIFHAAZDO, YAH BAZ SRR WA 2 DT V4 5 R BE AL
P FE W SN A R IE ALY EIAH BUAZ TS iR A
JER ARk Falen s, el A B ok A id sk
A%, R, AR BB AR i b v B AT 2 Az AE Y AH Bk o
T LA, FEZ 40 oy e AR Z rh, S BUZAE LY, AEYAH
WAL TEZS 5y A
1.3 &K

DK R KL Y B B L BB Ay, PR AR S 3
LEVKIRVRIR P B R b 2 — B0, pRibZE R IE Y
FCEZTE G, KA RS oK ST 3 vk
rmER ), B2 BN M OALE, SRS EIAA K
AR VKA B SZE T F I KimAE
ST BAAL B AL AN Iﬁn‘i&ﬁ’]f"%’]“s’z” eI
SrF UK AR R R L BUREFs — B iR R A1,
G4 HORI AR SR TE [ W P AR ST, EDJ%IEH’M(&%?@
HENIGFAZ BRI, 53 B, X —ik
TR 2K ST HOE E RS2 . 3B K
mnAE R R HUEFR vkl il At b S RO A, (615
[ ) & HHRERRAIS, FIE LI R R . e B REIK
FIA ST S ik R ST R A iR R 2 BT P 250 . MR A%
TE RS, RFIEFEIR T 50T R BAT IR ST 1Y &
i, MK G MR B AT Z A g2
BSE /5t

G = B(ATy)"

. G A KR, °C/min; Bl n SHEEL.

URERAR AR KSR AN IE 2 Biias . ukiHkdkl
TR RAAREIRSE S LA, &8 VK AT AT, ik
Aad¥e . a XMUKIEIMRIORIR BITRES S5 U5, /KT ANWT
WALITE SR M TCT IR AR b. FE 5 TR I REAIR, 7K
S F AW IR AL AR —A IR Al A B HI R,
TRAEARAZ O N AT E50T 8 0] 5340 FHTB B & 2R
JUAT 85485 ¢ RIS F R, B T2 12
RE MR, U ¥ e I sl 542 d.FE
H ARSI HE— i, A i SRR A il
I IFIFIE AFRE 1A% e. E HH 2K 5315 W o6 381) AR =
T, S A A T D SRR B RIS £ KRS
TR,

B2 okERMR R )

Fig.2 Growth process of ice crystals'!

1.4 BE&E

TEVRURE S, UK SRR AR, T8 BRI A S 1 4
AR AERI 2 5 UK ST AR . RIS B Fse R B
SRR R AR AR N TR R AR AR VKR Y
Fifigiza it B . RATFLS MG, KSEER D, TR
KA IR HDE AR 1 AR, BILEL A R GeER
IH F FHBESSREIR. VK ARE T FRas AW, 15455
PRSI RS EG N . EARN R, 8K MO Ss F4a
K, FREAS 4525729 40 Ndoye 2527 % BLuK I pg 2K
i ST B - I A Vi 5 R0k e 80 s 3 Py 3 R
WOFC, PRIpKEIRAEIN T AN sg Aol f vp B #1024
R A 2, AN Tl R RV S R v At A%
PORUL BT IK B0 - FETARAS o eIt B v, AR B
SEI T VK % . AEA IS AR T, 38 A R - [ 5
HIZR A5 oK A AR A2 K P¥ - 4 Hagiwara 5509 &
HROK A B4 R S5 R 4E L T P i B HK
FEA O, IHRESE AP ECEREROIE g e,

TS MR BRI AR . B AR, X —i R 3
ZLE = AL T A AR, i . TR A S N A5
A, = AMEREARES AL ANE 3 s,
FBUFRLE RURTER SE ARG TSI T, P ECZE I ARLR
PR A A 2R T (0] A, I BRES , TR — 130K
P AR, bt R B R A FRAS A RO R

P45 i, BFR Ostwald alak, G5/ Nk a5

AL ] R PR b R 1 I HORT SR A, TR T K45 i, 1t
‘f%ﬁsigﬁﬁifﬁiﬁﬂuﬂﬁﬁﬂ%m] ST A R
FAAS AR BT AN AR T AREZR, G458 AR PR A4)
P HTEH SR Hﬁiﬂlé%%ﬂ} AR GH, T S 5
RIS ) Sl AA RO

WA,

aé‘as B nbewte

ok
TR

' tg AL ¢ i3 2 P {]
e LN w}é» e 3457 %
L] L]
TR A
= (34
Wi .

B3 FRESa = AL
Fig.3 Three mechanisms of recrystallization* "

VAN AR ULE - L (7 R NS R S Ve NS
B, VKRS8 R AR AR, HBvir 2 . B, FREiimad
YRR DRTLIR ORI AP SIS K FH I 4 i K LAk P o
Fiiz FH— S5 24 v R ARl N UK AR 22 i A IR
SER K S A PR A
2 KHEHMIERI K AR HIHIE A

Bt 1k 2 1 2 R RN 2R K- 1 W ER e, T 2

—‘
-~ h Y




%443 5 23

BE S KEEORK RS S R Tt - 397 -

FXTEIE . L B IR CESR . TSR BT EREck
AR o TEVKIEIRIERL R, XTuk S A IRV E A A% 5
AFEFLAEF . FEEF . BHEOR ISR (R AR, SR
ISR T, P AT D R DK IR SRS T 2R
2.1 ALK SRAERHIFEIER

FLALTIE —Fh P 25457, IRl HAT SR /K Sk A
SimiK IR AEEK RSP E(HLB) 2L L
743 M s K MEZLAR 3 (HLB>10) 1 5% 3l 2L AL 71
(HLB<10)P2, AS[RIZE R {9 ZLALF T vk P k3 e 1)
YR v AU N [T DG R7 2SR NS RPN DR R A DRI N
[RIM, KRB 7 & FH B FLAR A AR S 1R H v
i . ARG RS . — 2R H vl PRl 5 IaTS . PN e
T RIR IR,

FLALFIXF v P K G BEgs S A TR . 2=
FECH AR, RO 2L A s R
H 2% B, VKILIE SR ZLIR R Fase, TR
FOVK AR /IN, L5, IEAR, vRTHIR A e R,
LEATE NGRS . FLALTIAY 2R Ko 7K Eh G, A vkiEmk
BRI 1 K AR SE G K . YR PR AR
FERSCET, 456 7K A AT AT Blss/INBY A A2, M ik 2]
RIS ATER . 1B, FLALFIE AT AR
BT BIEARE, REALZE B L2 U /NI, FEm AR I ER
AL Z [ g L, I S R B 00 )=,
XSEPHAT VK A T A BRRRATC), DA T35 2 BRI vk i
NGFBIFE . U Aleong 25:0¢) K B PN — W S48 A5 iR
P AT A B S5 vk s AR BAEH, B R K SR S
25 LRSS TR EOOK, FE B o S5 AREBERS, I TP KUK
P ML HE, DT vk 3k vh oK i P B4 . ik
S, TN B i R IR IR 1 Sh AV VR EREA W e
AN LS o AT, ZUAEFRI AT LA 3ok
BrAE W RFFZS o di s H 7K, B K TELTRR P P35 o
R, KRR UK S RS R
2.2 FRREFIFTKERABIHIHIER

KR, WHRIKEAR, FE/KH AT DU —FPICEIE
PR REAARTES R T  EERIARTEE Ty v i FH R e R s
SRS L IR IS . RHLRE . AR TS . R FH SLLT 4k 4N
T EEFREAEPS FEpK AR, B infesEln 3=
B H PR S BTG, A5 B SR ki
IRFENEATEATR] 22 D5 R B I shbst, F20E 77 AT LA 5 sl
D UK AR RN ZUNE S A 8 A2 KO, N Flores 4512
5 Bahramparvar 28 (YR 5TERE ], SATIINEEE
FFPITECIRAA B, B hESE 75 Kk ok o i R
BN, FELTT—25~—10 C ISR Z U5, KA
KRR, X P R SR E Rk . SRR Bk
B T AH B FHIE B B RS X 248 285 A8 it il ) 2 (1]
IVASEE S

TEVKEIMRRR T, FasE AT LA S K Hiah &, @
o S S RORK AR, TE B = 4E R &5, B i
T RIGKAR TR BE, ORGP R B s
() fEfig: A RH LR ZK B9 98244, 4N Blond 261! & #iER

FEFNEFER ST n] 2 FAEARAS dhod R . B A
TR L AR, (A5 7K o33 HORBEAR, T S 205
fipp i EEREALG, 45 R 2RI, Kd AF5 BF9E 1R
IR SR L TR | - RPLEEAT - R B P AR
FRRE TR FLIE VLRGSR 52 . 55 R A B, TEA i
PSSO, S - P A VR BLIR IR 5 P8R e
b BESMELE 3 D HJS, AR EAS Y 28 um.
0T AN B TINGR AOAE i, DK R AR B~ 2 AR I Sy
68 um. J5UR AT BESE - R A EEA SUREER &A1 PR
TRARIE M, T LS ZLIE EE H as S s s TR
FERBIRVEBEE, 77 AR BA B AR OK BE 1 B R AF4Y
), DT oA S AR B PR35 i

B N s T € 27 S5 B X R 173 e Rl R S
FE, BEUS 5K TR E B RS e R, Bl R B P
[RS8 A FH R RS SRR A Rl 2 AR v R S
FRIR RS SR, A OK R IR aR T S 2 DR I
BIAEER St ) A AR A T RE BERAER, DTS 216 DK At
AR AR
2.3 EHRREES K S AEHEE

VKELRBC T BT ELA5 RN . R L 16
Bl SARTBEIORT LD BB A E ol S B A
TRVKELIRTR S P R EE SR DK 45 i o AS[RTRH
ARRHEAR VK THIMT R S AR A R AR BEANTA], 3X 28 H
TR 70 TS5 Mo T, A/ N TRy
TR AR OB BERE VK ELIR S A R el
Ro PREE JUBAR, KA RGBS S . ngft ) £
BN DL T = AP D R AR DA A B XS UK
VKA R RN SN EA TIFE, 53 S 3]/ N3
AT L-Ba o fop . 22 2P0l REp, DAAER
RG5O H AL PR SR SROBH 11 2R ) A W25 OB
WAL KR RS IR VK AR S, FLBCHK
A AR R R/ INBYAS [R), G328 R AR TG S 15% B9 22 28
LI AR CEERT (N7 NS ZA NS P\ 725 s e € S 55 LT
A 2 TAT 4 4™ FHGE RE o 23 % A il 1 A R RE 7™ A 5
Wil oAb, BHAORRAS AT L S BR ) - [ A K B
T JRE S A o) v At ) AR BGE EE S Klinmalai 2507
5 Sei ZEPY PUWFFEHRAR I, SEMEAR LL, S0 T i
e =R SRR SN = 9E- R 112727 N T € 9 £ AR ) S
WFFE R, BRI A X IR S I vk A
S A —E BOIRIVE R, ARSI TS5
T RANE], HIE A A eV VR AR B 5 R Y K
IERLHAN AL, AU T A PSS i M il BE T duASTA]
2.4 FJHEBIKSEFEHIHEIER

A FT UK A — 2 BRIV . FErRKELK
Be Ty H, B E AR ISR E H L FLEER . KA
SrESE A RIEE A vRESHE AR TSR AR
— B RS RIo, 2x PR ) B S,
X AT RESY T PLokEs S s BT S i Lin 4502
ISV VR A BDUEE I TE 1 AN ] A9 A 2L 25 1 A
KRG PRSI ME R A M vk d R



- 398 - £ Tl B4

2023 4F 12 A

FYSZIE . YL AR S R L FHR A W He gy
3:7 BF, HA 8w REKEE 11, T2 0 oK T AR
79.49 um?, I HAE A 8.61 um, FILH B HI VK
AMHIVER . TR RS IER R, RS
KA I BB P 25, (A5 K A R R T
UREEARU RGN, I ELiE i 2= e BH AN ke i 2%
IR BB, MImAP v AR 9 A4 29 Lomolino 455
WFFE T @SIMDIge 2L UM E I . RS M
FREF . 2 AESE R L AESInARE T DL B AN G IngR
REFUANER Ao 14 d IR B T rvk
LIS . G5 R, AR S ERR, kit
s RAETIES I, S ITaE AR VK NI
IRESEAESAE, o, B nThaetZLas I AFasE I
VR PR S RS R R i w25 359/ N HAARE
TR T Y5000/ N e AR, IR BE P BRI~ F- oK RS
Wl 1.7 4%, miAEngecE R vKEHIE % T 4E¥5
AR AR, SXIER T DI REMEFLAR I AR R T UK R Y
P5y A KT HXTvK s S g A — e e A -

WeAh, vREEM SR R — Rl I A E R R AR
S RPLRER U RPKSAZ R 1 . VKRGS SR A E T2
LykmRmas &, SECKmE , SAsvKmrIER,
{FAG UK AL ZR TR N, B AR FRIE R vk b, 1M
BEARVK AR, BAARLHI WA 4.

Kl 4(a) ok S8 BRI HI U vk Sk
m, SECLEERS AT E 4(b) A vkasF 8 1 X vk E
L5 RIS . ARSI A VK, 1E
VA VKESHE I BELU T, BT 7K TR RER
FIUKET, B/ IN UK RIS %, 3R UK P45 i o
VREEARER I i A 25 -6 2 oK R T, T T /K4S
7K iZ 3. Regand 45 FI FH A0 5T T il
BEW B R B A A /NG BRI I DK S ) B T AR vk
ISR VK IS SRR, G5 R R BB &/ N2 it
B K S5 F8 8 AT AR IR A i vk B, vk
FE R W EoRFERSS IR T, vREs 8
23 MNAAR S WAL 3 AR S, 2 W) T2 -G48 19 A4
2, SRS TEVK R 1 JE B3, B &S A 8 s S
VK ERAS R, BHIE K 19 pK R E AL 3, M il vk iy
FREERIESR . DA TSR, kI bR RO ERE P T
L Rz UREEAR AR 2T HEUKES st dlAs T i, MR

i b Tt S e o SR 1 i 7 LT S S RS 2 o
3 FHEAR

HHT, —L5Br 28 IR I 24, G468 7 I
B UREOR | BEZ RV VREOAR | S I B AR R
FIE 75 B RPN A, I A W] ) S LR T 2 VR 1R
77 SRS B UK TR G R, Ul S i A R,
SR AR DKL UK A B AS S ETERE T B R R
2%,
3.1 BREBRHENERA

FER T R B BV R e S S AT P SR s KR R
SERIAMEE SR AR T 45 S R MR 2 — P78
FBFT BT E T 20 kHz, & F AZJEWT 1 B{E Y=
AR, AL RE A A A . WA . AR AR
SO0 SEE S P B AR AR AR RIS I
AEFREEARARGE G 0 —FP RIS REAR, EZEF =
FEFE IR AEA T B AR R IS 7 A A S 200, RS ERY
R AN, ARG, I HAEF TR Rt e 2555
VERRAIAHAZ B BE, PSR A T I DL A oK s A
A, RS BRI AR R, RIS B MGE B
SRR TRERTTI H AT, A h, BRI BINA YR AR
AT LRV bR i B NI T, IS EAT IR S
PIRLIRAE AN [RIZER AR, XTZRZIgs 4 = A RN
PR, s B K AR S S B iy, #3e )
Z N RO T AR, anvkadEk . g% . mi Ak
SREEPI U Zheng 481 K #UAE pRKALIBK 04 A 1 R
o, A I AT DA S K EHIR SR IEI 45 Rz AR A, TR
T BB AR P AR DRI A T T R4 I 237 2R 25 {1k
R, AT 5 | R PRI 08 PR BAL BN K A i % . Mor-
tazavi 25 Fll Akdeniz ZE197 HB & IRAE UK MK 2 1%
IR R R A AR U AT AR B MK A RS R s v
URESF A 250, AT SR TR . HH Tk vk
Al INRE DK Y i 5T, J HL KR P 89/ DK do2
I YRR IRIE G . PRI, RS D B R —
TRAE RIS M A, 1] DI A 46 v VR A ] R e
R, I Hm A i 23 AR 2 R b AR %2, AT AT
LIGRBIE N RST R B . FESZERN T, BT
FE B A TR 2 AR B, R, BT LIGE 0 AN

IF A 4 PR RO T AS [ B i 77 )
A I

(2)
URESH

P4 DKESFEE X vk S A A AL )

Fig.4 Inhibition mechanism of ice structural protein on ice crystals®”



%443 5 23

BE S KEEORK RS S R Tt - 399 -

3.2 HIHEEENREREAR

e R K R o, AnFETATSK 7 FIURG R | HL
PE T AN A BB BRI 3 30 RO SR T AnyR AR RS
e, NAREIE, K ShASYE Uy SR BN
PRSP S R AR Bl B U2 —Fh
HLAER A YRR, 2R T ER R R it in
FRREY, IR = VR B i v B, ATl &
i R UKAZ TE B, NP IR, LIRS D Uk
XA E Y H A, TS AR R g
VAR N TSk R s e b, 5 2R R
H )V PRI . AR SRR AR Al L | UK R
PR INESLIG NG, ARG IV E S K 53 S
W35 A — A BRI, PEmL T RS B TR IR
iz3h, NI SS A P8 68 J1 R, SE i
FeSH KR4 . Toledo 459 WFSEREIZ R MR A5 7K
FASEZIN, SEEG R G REG AN S, 7K TF N FIK S
[ AN ) S B X 48 Z IR F A S 4, B RII7K 53F
TR IR ) A DRSS , TR e PN B E FH S iR
BINK G P, ALY R ERIR, 30 H ki
AR SR 2GR, X R =2 — 2 sem . LAY
FEA, WA B URF AR AT LUK B TR &5 3R, 15
FUBSIAN/ N VK S o BCRBIFTE 5 7K B i A Rk AR
VKA SR T Y S B, I ELRE A E
SRR T A 7 A PRI R, AT
— TR
3.3 SEHEENSEREAR

15 R4 B UR TR RE S AR R R 2 TR,
(RIS B R Z K PATR, I BB T e R R T
Hb, HAD SR SAL G IRAESAARFTY . e di B
R SRRt i 55 PR 5, VRS /K A [ s T AR
TREERRANZE 0 °C LAR, Bl 1 205, FEdh T LIRS
B MRV B, TEBEARE AR N AT R T L4 50 53
A ZINUR S, DA TR s 180 DK T it 2 = 2 5
M7, Fernandez S50 I FH v FR A BV R B AR S U
T FRE I S A SRR T RO, R BRI
URES S VK ER RS A8/, IF BAEE IR T 25 T8 e e
SR A A i e 35 A A e e S A YR S 4 it
1o A B R A AR R eSO i, M BRI 7K 53
TP ECRK I A, AR P K R T AR
N, R R DA AE TR T BRI, 1>
FESHBOSE S REAR AT DAST B & A2, MOTTAE el R e
B R KA, R TR AR i e VR AT IR
FNRGTART S AESEBRR T, SR T B A S B
VKR IRZE a0 1 A, T R v il S 98 S A G
JE 3 BB A
34 EIAHEENSFRA

FBL 370 B R S — Rl K R R, E8k
R FE SRR R B nT LU i e i
g, Horhigilg 22N H PR % TR A
A AR LS T LA S8 L A, MM E

T 7K, K BYAR AR AL TT LA HES, PATTZK 535
2316 137 )5 % 8)), SEUAR R oK TR A
AR RS T AR A A ZR i AT T R AR
RRY3, JAZ R TRy, V8RR L A2 oK St A% 34 1y
PEml0. an Wang S5V ORE— I Y s R R A
F TR b, S5 R RBIZIR R T DL S5 %
AREER ML Ve B, P A g . LAk, B #
Lsm e s i, vk RSB Wrsis N . 8 SO AT B
ST AL BV RBOAR X OB P K i A K52
e, A BRER LI BRI TR K 43— i 0z s A i
PREmAE G F A BV URBORAE DK AR R S5 T TR Y
BB 2 ABRA —E R R T, n] LAk
3P RO By, BRI JR i v B, S vk i
238, Y IMASFR R SR R
4 LHp

25 FRTIR, UK —Fh IR T2 E AT E BIIR R,
e 57 2 AR BE P BN SENR), FEASA R TR R Ao 25
Hag Je =28 Ak, PRI, FE8 ) RN T fiffis R B
R VK ARSI R R LR, BTk
s S AR AR R, DK R BT T R FL AR
IR R EHREHRIER BT AR AHI R S h ok
w9 A AT — 2 M HRIVE T, I BRI £a
SE RN BT ]SS PRI R, Skt
A F P UK A FTRSS SV E T LB SZ 2Rl IR 3 AH HL 5
mie] AN ITTARREE R IR TS AE . PRI, AR PR ATHMR TRt
A IR HHT R SRR KA R AP ELARTR) | FoE )
AR BT EA 752 B AL PR A E O Btk —20
WFFE 2R R 2 Z 1A B9 AR B DAS S AR 4h 3 3 AL
ORGSR A D DR A B N R )N, BEAR X
ZH L AR 1 0 3 S B v DK IR B A R 7
o AP, BAR HHT—SEH IR, CLFH S TR
VRURTIA | WGBS UREOR | i TR RIS RN
L BV R BT EVS R By TR )z, {H
YERAPIELA ARS8 . Bk, ZEHASHGHIR. /8%
BEAF UKL, I TG EAIR AT 2GR R B R
RN O AT ORI DR AR5 4 i 4 il
HLEE, Blofs 2 AR R AR A, BTG AR TAR
T UK UK O SEEeE e . A AR b, UK
A A T35 fh 8 5 DK IR Y SR B S F K R
T —EMIARSCHE: o AR AT DA I 2 A [R] oK TH
RSB 7K 53-8 B M az FHARIZAZ g SLHRB AR I
VRGO 7K 5, DAITITAS B UK b A48
SRR GE 1 Z BIA9E R, gk
VRKAACREEE SO It T BRI AR S, flive
HUA T2 55

S 3Lk

[1] 2023 itk A Ad RERAAMBE TR E R T EE
X = @& [N]. % —M%2 8 4R, 2022-12-28(T01). [ 2023 to meet
the recovery and expand consumption of new opportunities consu-

mer brand resilience growth focus on these three aspects [N]. China
Business News, 2022-12-28(T01). ]



- 400 - £ Tl B4

2023 4F 12 A

[2] BB, 3 238, 3% B, . 48 A sF Rk gk e 3 ey 27
Rt R [J]. & o T kA 45, 2023, 44(13): 440-449. [ ZHOU Y,
LIU L Z, LIU A G, et al. Research progress of effect of stabilizer on
melting resistance of ice cream [J]. Science and Technology of Food
Industry, 2023, 44(13): 440-449. |
[3] 4545, RN, R, . F BAFH S ATk LA
VRS 8% m (1], R S5, 2021, 42(10):32-37. [LIUT
T, ZHANG S S, ZHAO W T, et al. Effect of chia seed peel polysac-
charide on the emulsification stability and quality of ice cream[J].
Food Science, 2021, 42(10): 32-37. ]
[4] 308k, 33, B S, 5. 7R R & AL 2 7 Ao SUAL ) A vk ot
AR AR e em [J]. A T WA, 2021, 42(8): 75-80. [ SUN
MY, LIU S, GU W J, et al. Effect of different types of stabilizers
and emulsifiers on the quality and characteristics of ice cream[J].
Science and Technology of Food Industry, 2021, 42(8): 75-80. ]
[5] SHARQAWY M H, GOFF H D. Effect of temperature varia-
tion on ice cream recrystallization during freezer defrost cycles[J].
Journal of Food Engineering, 2022, 335: 111188.
[6] LOMOLINO G, ZANNONI S, ZABARA A, et al. Ice recrys-
tallisation and melting in ice cream with different proteins levels and
subjected to thermal fluctuation[J]. International Dairy Journal,
2020, 100: 104557.
[7] MO J, GROOT R D, MCCARTNEY G, et al. Ice crystal coars-
ening in ice cream during cooling: A comparison of theory and ex-
periment[J]. Crystals, 2019, 9(6): 321.
[8] skFiz, 4hAkdE, EAK, . F KA AT B IR iR A A A T
Rk dh A Ko Hra I, &5 L8 Tk, 2020, 46(22): 21-27.
[ ZHANG X Y, ZHONG Q C, WANG S X, et al. Effects of hydro-
colloids on the growth of ice crystals in simulated freezing of sugar
solutions[J]. Food and Fermentation Industries, 2020, 46(22): 21—
27.]
[9] Bak, & RAH F KERbiRRdmB L] £
& T42,2022(1): 12-15. [ CUI Z C, HUANG D, ZHAO R J, et al.
Factors affecting of freezing quality about aquatic products[J]. Food
Engineering, 2022(1): 12—15. ]
[ 10 ] HARTEL R W. Advances in food crystallization[J]. Annual
Review of Food Science & Technology, 2013, 4(1): 277-292.
[11] GIUDICI P, BAIANO A, CHIARI P, et al. A mathematical
modeling of freezing process in the batch production of ice cream
[J]. Foods, 2021, 10(2): 334.
[12] 4, F—, skt g By &2 2 = b ok & BOR BT
Keyral)]. SRS 74, 2018,39(12): 10-13. [ YANGY, LI
Y S. Effect of fat in the ice cream mix on freezing point and water
form[J]. Food Research and Development, 2018, 39(12): 10-13. ]
[ 13] OTERO L, RODRIGUEZ A C, SANZ P D. Effect of the fre-
quency of weak oscillating magnetic fields on supercooling and free-
zing kinetics of pure water and 0.9% NaCl solutions[J]. Journal of
Food Engineering, 2019, 273: 109822.
[14] COOK K L K, HARTEL R W. Mechanisms of ice crystal-
lization in ice cream production [J]. Comprehensive Reviews in Food
Science and Food Safety, 2010, 9(2): 213-222.
[15] KRAUSS IR, MERLINO A, VERGARA A, et al. An over-
view of biological macromolecule crystallization[J]. International
Journal of Molecular Science, 2013, 14(6): 11643—11691.
[16] ZHU Z W, ZHOU Q U, SUN D W. Measuring and control-
ling ice crystallization in frozen foods: A review of recent develop-
ments [J]. Trends in Food Science and Technology, 2019, 90: 13-25.
[ 17] NANEV C N. On the vitality of the classical theory of crys-
tal nucleation; crystal nucleation in pure own melt; atmospheric ice

and snow; ice in frozen foods[J]. Progress in Crystal Growth and
Characterization of Materials, 2022, 68(2): 100567.

[18] CHEN Y M, XIAO W, JIA G L. Initial ice growth control
mechanism for CMC-Na in model systems[J]. LWT-Food Science
and Technology, 2022, 171: 114118.

[19] DALVI-ISFAHAN M, HAMDAMI N, XANTHAKIS E, et
al. Review on the control of ice nucleation by ultrasound waves,
electric and magnetic fields[J]. Journal of Food Engineering, 2017,
195:222-234.

[20] BR4E. K 2% @K /35 RIGARRE vk Stk ) & B Ak 5 R
B [D]. Ri#: RAEFHE K S, 2021. [ YAN L. Preparation of soy
protein hydrolysate /xanthan gum low fat ice cream and its anti-me-
Iting quality [D]. Tianjin: Tianjin University of Science and Tech-
nology, 2021. ]

[21 ] KUMARP K, RASCO B A, TANG J, et al. State/Phase tran-
sitions, ice recrystallization, and quality changes in frozen foods sub-
jected to temperature fluctuations[J]. Food Engineering Reviews,
2020, 12(part 2B): 1-31.

[22] Bfk=. EZFIR/AIAA B W kbR SR A S
Jith#em [D]. M. 4 d 3 T K, 2020. [ ZHOU Q Y. Effect of
orthogonal single/dual ultrasonic field on ice cream freezing process
and quality [D]. Guangzhou: South China University of Technology,
2020. ]

[ 23 ] PETZOLD G, AGUILERA J M. Ice morphology: Fundamen-
tals and technological applications in foods[J]. Food Biophysics,
2009, 4: 378-396.

[24] W&EM, W, EHEF. KAkRSDSTHTNAARNER
o R EACHLIR B AR A R [J]. e, 2023, 44(5):
187-196. [ RUIL T, LIU C, XIA X F. Research progress on mech-
anism and control technology of frozen meat food quality change in-
duced by water-ice-water dynamic transformation[J]. Food Sci-
ence, 2023, 44(5): 187-196. ]

[25] VAN WESTEN T, GROOT R D. Predicting the kinetics of
ice recrystallization in aqueous sugar solutions[J]. Crystal Growth
& Design, 2018, 18(4): 2405-2416.

[26 ] REGAND A, GOFF H D. Structure and ice recrystallization
in frozen stabilized ice cream model systems[J]. Food Hydrocol-
loids, 2003, 17(1): 95-102.

[27 ] NDOYE F T, ALVAREZ G. Characterization of ice recrys-
tallization in ice cream during storage using the focused beam re-
flectance measurement[J]. Journal of Food Engineering, 2015, 148:
24-34.

[28 ] SOUKOULIS C, FISK I. Innovative ingredients and emerg-
ing technologies for controlling ice recrystallization, texture, and stru-
cture stability in frozen dairy desserts: A review[J]. Critical Re-
views in Food Science and Nutrition, 2016, 56(15): 2543—2559.

[29 ] HAGIWARA T, HARTEL R W, MATSUKAWA S. Relation-
ship between recrystallization rate of ice crystals in sugar solutions
and water mobility in freeze-concentrated matrix [J]. Food Bioph-
ysics, 2006, 1(2): 74-82.

[30] KOT A, KAMINSKA-DWORZNICKA A , ANTCZAK A ,
et al. Effect of 1-carrageenan and its acidic and enzymatic hydroly-
sates on ice crystal structure changes in model sucrose solution[J].
Colloids and Surfaces A: Physicochemical and Engineering Aspects,
2022, 643: 128744.

[31] #9 %, 24, #d K=& Pk EERELIERNF
ke B R [T]. & At 52, 2021,42(19): 343-349. [ TAN M
T, WANG J F, XIE J. Progress in the mechanism and control meth-
ods oficerecrystallization in frozen aquatic products [ J]. Food Science,


https://doi.org/10.1016/j.jfoodeng.2022.111188
https://doi.org/10.1016/j.idairyj.2019.104557
https://doi.org/10.3390/cryst9060321
https://doi.org/10.3390/foods10020334
https://doi.org/10.1111/j.1541-4337.2009.00101.x
https://doi.org/10.1111/j.1541-4337.2009.00101.x
https://doi.org/10.3390/ijms140611643
https://doi.org/10.3390/ijms140611643
https://doi.org/10.1016/j.tifs.2019.05.012
https://doi.org/10.1016/j.pcrysgrow.2022.100567
https://doi.org/10.1016/j.pcrysgrow.2022.100567
https://doi.org/10.1016/j.lwt.2022.114118
https://doi.org/10.1016/j.lwt.2022.114118
https://doi.org/10.1016/j.lwt.2022.114118
https://doi.org/10.1016/j.lwt.2022.114118
https://doi.org/10.1016/j.jfoodeng.2016.10.001
https://doi.org/10.1007/s11483-009-9136-5
https://doi.org/10.7506/spkx1002-6630-20220411-113
https://doi.org/10.7506/spkx1002-6630-20220411-113
https://doi.org/10.7506/spkx1002-6630-20220411-113
https://doi.org/10.7506/spkx1002-6630-20220411-113
https://doi.org/10.1016/S0268-005X(02)00042-5
https://doi.org/10.1016/S0268-005X(02)00042-5
https://doi.org/10.1016/S0268-005X(02)00042-5
https://doi.org/10.1016/j.jfoodeng.2014.09.014
https://doi.org/10.1080/10408398.2013.876385
https://doi.org/10.1080/10408398.2013.876385
https://doi.org/10.1080/10408398.2013.876385
https://doi.org/10.1007/s11483-006-9009-0
https://doi.org/10.1007/s11483-006-9009-0
https://doi.org/10.1007/s11483-006-9009-0

%443 5 23

BE S KEEORK RS S R Tt - 401 -

2021,42(19): 343-349.

[32] x4, RIAH, KB, . AR LA 09 3E B F A SR 24
A B @ e R e A (7] IR A S A, 2022, 38(12):
281-289. [LIU X, WU Y Q, ZHANG X W, et al. Effect of nonion-
ic emulsifiers with different structures on the quality of frozen dough
and bread[J]. Modern Food Science and Technology, 2022, 38(12):
281-289.

[33] &8, B, kitkBe s kit 5m THARM]. K 05
Ik gk, 2008. [ LIU A G, YANG M, Ice cream formula design
and processing technology[M]. Beijing: Chemical Industry Press,
2008. |

[34] &4 R &UAH Rk E P a9 5 R [)]. R oo $
F1,2021, 15(22): 168—169. [ LI D. Application of food emulsifier
in the preparation of ice cream[J]. China Food Safety Magazine,
2021, 15(22): 168-169. ]

[35] %2 F. FEEG R4 BT 50 A B A vk bk o g
A [D]. Xi#E: REB LK, 2020. [LIUY Y. Study on the func-
tional properties of mixed protein and its application in ice cream
[D]. Tianjin: Tianjin University of Commerce, 2020. ]

[36] ALEONG J M, FROCHOT S, GOFF H D. Ice recrystalliza-
tion inhibition in ice cream by propylene glycol monostearate[J].
Journal of Food Science, 2008, 73(9): 463—468.

[37] kAl3, &wA. £ B 2 B4 8 A 09 5 IR A it & [J].
R F S m T,2022(13):97-103,106. [ ZHU L Q, JIN L M. Resea-
rch status and development of set yoghurt stabilize[J]. Farm Prod-
ucts Processing, 2022(13): 97-103,106. ]

[38] %#F, R ZE. LKk I ST B [T].
Adk L5 i KR Se Tak, 2004, 10(2):30-32. [WUXY,WULI
Application of mixed emulsifying stabilizer in ice cream[J]. Bever-
age & Fast Frozen Food Industry, 2004, 10(2): 30-32. |

[39] SEO C W, OH N S. Functional application of maillard conju-
gate derived from a kappa-carrageenan/milk protein isolate mixture
as a stabilizer in ice cream [J]. LWT-Food Science and Technology,
2022, 161: 113406.

[40] BAHRAMPARVAR M, MAZAHERI T. Application and
functions of stabilizers in ice cream[J]. Food Reviews Internation-
al,2011,27(4): 389-407.

[ 41 ] FREIRE D O, WU B, HARTEL R W. Effects of structural at-
tributes on the rheological properties of ice cream and melted ice
cream[J]. Journal of Food Science, 2020, 85(11): 3885—3898.

[42] FLORES A A, GOFF H D. Recrystallization in ice cream af-
ter constant and cycling temperature storage conditions as affected
by stabilizers[J]. Journal of Dairy Science, 1999, 82(7): 1408—1415.
[ 43 ] BAHRAMPARVAR M, GOFF H D. Basil seed gum as a nov-
el stabilizer for structure formation and reduction of ice recrystalliza-
tion in ice cream[J]. Dairy Science & Technology, 2013, 93(3):
273-285.

[44] 5%, 3R, HHp. AN G ARL £ TR E
PP g R R (I, Ak G i kA S Tk, 1998, 4(2): 28-31. [ WU
LY, LI B, PAN Z H. Properties of new thickener and its application
in ice cream production[J]. Beverage & Fast Frozen Food Industry,
1998,4(2): 28-31. ]

[ 45 ] BLOND G. Velocity of linear crystallization of ice in macro-
molecular systems[J]. Cryobiology, 1988, 25(1): 61-66.

[46] KD A, SA B, EJ A. The effects of selected stabilizers additi-
on on physical properties and changes in crystal structure of whey ice-
cream[J]. LWT-Food Science and Technology, 2022, 154: 112841.
[47 ] 553 B xok dh ko004 % v B AR vk stk oF 09 5L R [D]. R
A REB L X5, 2017. [ SU L. The effect of sugar alcohol on the

size of ice crystals and the application in ice cream[D]. Tianjin:
Tianjin University of Commerce, 2017. ]
[48 ] HAGIWARA T, HARTEL R W. Effect of sweetener, stabi-
lizer, and storage temperature on ice recrystallization in ice cream
[J]. Journal of Dairy Science, 1996, 79(5): 735—744.
[49] KLINMALAI P, SHIBATA M, HAGIWARA T. Recrystal-
lization of ice crystals in trehalose solution at isothermal condition
[J1. Food Biophysics, 2017, 12(4): 404—411.
[50] SEIT, GONDA T, ARIMA Y. Growth rate and morphology
of ice crystals growing in a solution of trehalose and water[J]. Jour-
nal of Crystal Growth, 2002, 240(1): 218-229.
[51] fRE. BFHEGEM MBS 0B 5T AR P 6 5
R [D]. & & xd/ KL X%, 2019. [ ZHANG H. Research on egg
white protein-based fat substitute and its application in ice cream
[D]. Nanchang: Jiangxi Agricultural University, 2019. ]
[52] LIUY, LIU A, LIU L, et al. The relationship between water-
holding capacities of soybean-whey mixed protein and ice crystal
size for ice cream [J]. Journal of Food Process Engineering, 2021, 44
(7):1-6.
[53] DAVIESPL. Ice-binding proteins: A remarkable diversity of
structures for stopping and starting ice growth[J]. Trends in Bio-
chemical Sciences, 2014, 39(11): 548—555.
[54] CHEN X, SHI X, CAI X, et al. Ice-binding proteins: a re-
markable ice crystal regulator for frozen foods[J]. Critical Reviews
in Food Science and Nutrition, 2020(17): 1-14.
[55] UAGSF. 4ok & G Lok dh R m B 26 &89 5 F 30 /1 AW
[D]. »#Foik4d: W%+ X %,2017. [ LIUM F. A molecular simu-
lation of antifreeze protein binging to ice crystal plane[D]. Hohhot: I
nner Mongolia University, 2017. ]
[ 56 ] REGAND A, GOFF H D. Ice recrystallization inhibition in
ice cream as affected by ice structuring proteins from winter wheat
grass[J]. Journal of Dairy Science, 2006, 89(1): 49-57.
[ 57 ] KIANIH, ZHANG Z H, SUN D W. Effect of ultrasound irra-
diation on ice crystal size distribution in frozen agar gel samples[J].
Innovative Food Science & Emerging Technologies Ifset, 2013, 18
(2):126-131.
(58] FHE, %N FF, 2 EY, 5. 45 WM A K5 IKZ R KT
0P S 0k TG 2 R S ) A LR A ek G 25 M 0 % em (D],
¥ B2 4Rk, 2021,21(10): 169-176. [ LIX X, LIU X F, LIUH
Y, et al. Effects of ultrasound-assisted freezing and cryogenic quick
freezing on ice crystal morphology and myofibrin structure of sea
bass(Lateolabrax japonicus)during frozen storage[J]. Journal of
Chinese Institute of Food Science and Technology, 2021,21(10):
169-176. ]
(591 BAH, RERK, #fh. 2 F AL RIEAK P Fahn T 8
&R R T, K T42,2022,43(11): 132-139. [LANW
Q, ZHAO J X, XIE J. Research progress on the applications of ultra-
sound treatment technology in the processing of aquatic products[J].
Packaging Engineering, 2022, 43(11): 132-139. ]
[ 60 ] ZHANG C, SUN Q, CHEN Q, et al. Effects of ultrasound-as-
sisted immersion freezing on the muscle quality and physicochemi-
cal properties of chicken breast[J]. International Journal of Refriger-
ation, 2020, 117(4): 247-255.
[61] Fhwk3b, T kb, 338, 5 8 B 4800 A A AR B H AT 1
5o R a0 A L it R (D). A S A3, 2022, 47(6): 153-158.
[ SUN X K, WANG Q L, LIU R, et al. Ultrasonic assisted freezing
technology and its effect on meat quality: A review[J]. Food Sci-
ence and Technology, 2022, 47(6): 153—-158. ]
[62] CHEN X Q, LIUH Y, LI X X, et al. Effect of ultrasonic-as-


https://doi.org/10.1111/j.1750-3841.2008.00954.x
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.023
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.023
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.023
https://doi.org/10.16693/j.cnki.1671-9646(X).2022.07.023
https://doi.org/10.1016/j.lwt.2022.113406
https://doi.org/10.1016/j.lwt.2022.113406
https://doi.org/10.1016/j.lwt.2022.113406
https://doi.org/10.1080/87559129.2011.563399
https://doi.org/10.1080/87559129.2011.563399
https://doi.org/10.1080/87559129.2011.563399
https://doi.org/10.1111/1750-3841.15486
https://doi.org/10.3168/jds.S0022-0302(99)75367-1
https://doi.org/10.1016/0011-2240(88)90021-1
https://doi.org/10.1016/j.lwt.2021.112841
https://doi.org/10.1016/j.lwt.2021.112841
https://doi.org/10.1016/j.lwt.2021.112841
https://doi.org/10.3168/jds.S0022-0302(96)76420-2
https://doi.org/10.1007/s11483-017-9496-1
https://doi.org/10.1016/j.tibs.2014.09.005
https://doi.org/10.1016/j.tibs.2014.09.005
https://doi.org/10.1016/j.tibs.2014.09.005
https://doi.org/10.3168/jds.S0022-0302(06)72068-9

- 402 - £ Tl B4

2023 4F 12 A

sisted immersion freezing and quick-freezing on quality of sea bass
during frozen storage [J]. LWT-Food Science and Technology, 2021,
154: 112737.

[ 63] ZHENG L, SUN D W, et al. Innovative applications of pow-
er ultrasound during food freezing processes-A review[J]. Trends in
Food Science & Technology, 2006, 17(1): 16-23.

[64] MORTAZAVI A, TABATABAIE F. Study of ice cream
freezing process after treatment with ultrasound[J]. World Applied
ences Journal, 2008, 4(2): 188—190.

[65] AKDENIZ V, AKALIN A S. New approach for yoghurt and
ice cream production: High-intensity ultrasound [J]. Trends in Food
Science & Technology, 2019, 86: 392—398.

[66] JHA P, XANTHAKIS E, JURY V, et al. An overview on
magnetic field and electric field interactions with ice crystallisation;
application in the case of frozen food[J]. Crystals, 2017, 7(10): 299.
[67 ] #hHATIR. ¥k 40 Bh A KR B AT 4 1 & R 60w [D]. K
A& REW L X4, 2021. [ LIN H X. Effect of static magnetic field
assisted controlled supercooling-point storage on quality of beef[D].
Tianjin: Tianjin University of Commerce, 2021. ]

[68] Zmb . wakdysfomiik ooy Foa (D] R REH
X 5, 2015. [ WANG P F. The effect of electromagnetic field on
cell freezing properties[D]. Tianjin: Tianjin University of Comme-
ree, 2021. ]

[69] TOLEDO E J L, RAMALHO T C, MAGRIOTIS Z M. Influ-
ence of magnetic field on physical-chemical properties of the liquid
water: Insights from experimental and theoretical models[J]. Jour-
nal of Molecular Structure, 2008, 888(1-3): 409—415.

[70] FERNANDEZ P P, OTERO L, GUIGNON B, et al. High-
pressure shift freezing versus high-pressure assisted freezing: Ef-
fects on the microstructure of a food model[J]. Food Hydrocol-
loids, 2006, 20(4): 510-522.

[71] &R, T4, TR, F. RRALZIROBUIBART T
R (7], A B A, 2022,45(2): 1-11. [SUN Z L, L1 ], WANG B,
et al. Research progress of assistant technology in food freezing pro-
cess [J]. Journal of Refrigeration Technology, 2022, 45(2): 1-11. ]

[ 72] FERNANDEZ P P, MARTINO M N, ZARITZKY N E, et al.
Effects of locust bean, xanthan and guar gums on the ice crystals of
a sucrose solution frozen at high pressure[J]. Food Hydrocolloids,
2007,21(4): 507-515.

[ 73] ALIZADEH E, CHAPLEAU N, DE-LAMBALLERIE M, et
al. Impact of freezing process on salt diffusivity of seafood: Applica-
tion to salmon (aalmo salar) using conventional and pressure shift
freezing[J]. Food and Bioprocess Technology, 2009, 2(3): 257-262.
[ 74] TAN M, MEI J, XIE J. The formation and control of ice crys-
tal and its impact on the quality of frozen aquatic products: A re-
view [J]. Crystals, 2021, 11(1): 68.

[ 75] FALLAH-JOSHAQANI S, HAMDAMI N, KESHAVARZI
E, et al. Evaluation of the static electric field effects on freezing pa-
rameters of some food systems [J]. International Journal of Refriger-
ation, 2019, 99: 30-36.

[76 ] PAHLAVANZADEH H, HEJAZI S, MANTEGHIAN M.
Hydrate formation under static and pulsed electric fields[J]. Journal
of Natural Gas Science and Engineering, 2020, 77: 103232.

[77] WANG Q, LI'Y, SUN D W, et al. Effects of high-voltage
electric field produced by an improved electrode system on freezing
behaviors and selected properties of agarose gel[J]. Journal of Food
Engineering, 2019, 254: 25-33.

(78] &R, HASE, 2B F, F. # 0 23§] HBE R EARE
kb £ KB ea 1] AR KA, 2017, 33(10): 21-29. [ GAO
W H, CHEN Q Y, WANG Q J, et al. Effects of electrostatic field on
ice crystals formation of glucose and sucrose solution[J]. Modern
Food Science and Technology, 2017, 33(10): 21-29. ]


https://doi.org/10.3390/cryst7100299
https://doi.org/10.1016/j.molstruc.2008.01.010
https://doi.org/10.1016/j.molstruc.2008.01.010
https://doi.org/10.1016/j.foodhyd.2005.04.004
https://doi.org/10.1016/j.foodhyd.2005.04.004
https://doi.org/10.1016/j.foodhyd.2005.04.004
https://doi.org/10.1016/j.foodhyd.2006.05.010
https://doi.org/10.1007/s11947-008-0157-8
https://doi.org/10.3390/cryst11010068
https://doi.org/10.1016/j.ijrefrig.2018.12.011
https://doi.org/10.1016/j.ijrefrig.2018.12.011
https://doi.org/10.1016/j.ijrefrig.2018.12.011
https://doi.org/10.1016/j.jngse.2020.103232
https://doi.org/10.1016/j.jngse.2020.103232
https://doi.org/10.1016/j.jfoodeng.2019.02.024
https://doi.org/10.1016/j.jfoodeng.2019.02.024

	1 冰晶体的形成过程
	1.1 过冷
	1.2 成核
	1.3 生长
	1.4 再结晶

	2 冰淇淋原料对冰晶体的抑制作用
	2.1 乳化剂对冰晶体的抑制作用
	2.2 稳定剂对冰晶体的抑制作用
	2.3 甜味料对冰晶体的抑制作用
	2.4 蛋白质对冰晶体的抑制作用

	3 新兴技术
	3.1 超声波辅助冷冻技术
	3.2 磁场辅助冷冻技术
	3.3 高压辅助冷冻技术
	3.4 电场辅助冷冻技术

	4 结论
	参考文献

