& Bl o0 S 2 5 DT
' M Scopus M ek D91
D b 3 IDOAJ o R R

M EBSCO ™ v B B D IITICSTPCD
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY M CA ™ P EB DA AR B FIRCCSE A
MFSTA o STl fase (WICT) #ih
FAT ISSN 1002-0306  CN 11-1759/TS  gryst 1 B 5 RSB BRI P8 F T

TR K B L L e ms K HAL BT ot

M4, APIAL, R, F3, KER, XEF, BIK, LP

Research Progress on Novel Salt Reduction Strategy and Mechanism of Dry-cured Ham

CHEN Juan, ZHONG Yuanyi, FU Guowen, PAN Hongbin, ZHANG Haibiao, WU Chuanfeng, QIAN Chaokui, and FAN Jiangping

TEZR R BE View online: https:/doi.org/10.13386/j.issn1002-0306.2024050210

FRAT RRIRGERE HAN SO

Articles you may be interested in

PR i PR O ER SR AT 5 i
Research Progress on Sodium Salt Reduction Strategies in Processed Meat Products

£ Tl BHE. 2022, 43(13): 408-415  https://doi.org/10.13386/1.issn1002-0306.2021060248
EETRRERE 5 AN TIERE RN A b E =T JORR KUARAREPE 534

Flavor Characterization of Three Major Dry—Cured Hams in China Based on Intelligent Sensory Evaluation and Artificial Sensory
Analysis

£ Tl BHE. 2020, 41(17): 231-236  https://doi.org/10.13386/1.issn1002-0306.2020.17.038
TR R i T R b A R AT 1 S AR AL

Bacterial Dynamics During the Processing of Nuodeng Dry—cured Ham

i Tl RHE. 2021, 42(2): 83-89,98  https:/doi.ore/10.13386/j.issn1002-0306.2020030129

SPME-GC-MS&5 {3 ROAV 43T il B[] %o ACTRT 2% h BB 42 2 1 XU A9 J5 ) 5 i)
Analysis of the Effect of Curing Time on the Volatile Flavor Compounds of Dahe Black Pig Ham by SPME-GC-MS and ROAV
B TAkEHE. 2021, 42(18): 317-324  https:/doi.org/10.13386/j.issn1002-0306.2021010250

P R M AR 30 S A A B8 £ ARt o EL A
Comparison of the Storage Quality of Large Yellow Croaker Fillets Marinated with Two Low—sodium Salty Agents
B RS 2021, 42(10): 295-302  https://doi.org/10.13386/j.issn11002-0306.2020090134

BT BT A i i b IS
Research Progress in New Curing Technology of Meat Products
B T RHY. 2020, 41(2): 345-351  https:/doi.org/10.13386/j.issn1002-0306.2020.02.055

KEMAF AT, PAFHE L


https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024050210
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021060248
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021060248
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.17.038
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.17.038
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020030129
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020030129
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021010250
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021010250
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020090134
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020090134
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.02.055
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.02.055

%46 5 oY dh Tolk B4 Vol. 46 No. 9

2025 4F 5 H Science and Technology of Food Industry May 2025
WRR, Bhost 130, B S0, AR T R BT A O R S S FL WL AR AF 5k (0] A Tl B, 2025, 46(9): 435-444. doi:

10.13386/j.i1ssn1002-0306.2024050210

CHEN Juan, ZHONG Yuanyi, FU Guowen, et al. Research Progress on Novel Salt Reduction Strategy and Mechanism of Dry-cured
Ham[J]. Science and Technology of Food Industry, 2025, 46(9): 435—444. (in Chinese with English abstract). doi: 10.13386/j.issn1002-

0306.2024050210

133

e B T o S B EAL B S

BR 8, sheell, EES, &R, iEES, REEE, B, SEiTE
(1= R LR FERAFHRFR, =& L 650201;
2. EZ BRI K FHMAFHRFR, =H LW 650201;
346 B3 R R A TR TAEN ], = H36) 678200;
AW SEEFRBA TR AR, =& W3F 655311)

|

B OE TR LBRFORRE TN ERRAAMNBRE LA EZNERRDZ —, B2 KER A
R, fa A Fid B P AT AN G AR R AR T BRI E AT ey R e AT KR S
iAo de AR T ERR LS ZTARERAAMAZGE L, ALEZETHESRN, RRERA., RLhEHE
B, RERKRABRAFHBER (BWENF: AT, EER. EAHE. RFTELHHK; IFRNF: WA £5
AR RA) A9 F Ao BT A R 2k vk 3K A T e KRR B R 69 el R T AL o s oh, AR 2k R RY 1R B B
BELFHITTIE, KAE—WRETENEE—ROHRE, Bk, ¥ 5#55RAE A2 RN LA A
Wi, RIG AR A F B R e A A G IRAA T e KRR AR 97 98 R I A
KGR T M KR, S AL, 38 3 5wk, Rk Bk, SR, S ¥ oh
FE42KS:TS251.5 SCHEfARINAD: A X EHS:1002-0306(2025)09-0435-10
DOI: 10.13386/j.issn11002-0306.2024050210

Research Progress on Novel Salt Reduction Strategy and Mechanism
of Dry-cured Ham

CHEN Juan', ZHONG Yuanyi', FU Guowen®>, PAN Hongbin?>, ZHANG Haibiao’, WU Chuanfeng’,
QIAN Chaokui*, FAN Jiangping"”

(1.College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
2.College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China;
3.Baoshan Shidian County Xinhai Family Farm Co., Ltd., Shidian 678200, China;

4.Qujing Chuanfeng Food Co., Ltd., Qujing 655311, China)

Abstract: Dry-cured ham, one of delicious food with unique flavor and rich cultural heritage, is preferred by consumers and
becomes a favorite food on people's table. However, since high salt content threatens people's health, it has seriously
brought about hindering the development of ham industry. It has become the focus of people's attention to reduce the salt
content of ham under the premise of ensuring the quality and safety of dry-cured ham. In this paper, several common and
novel salt reduction strategies, which can potentially influence on the quality of low-sodium dry-cured ham, include sodium
salt substitute, flavor enhancer, physical form modification of salt, salty peptide, and mediated curing techniques including
not only physical mediation: vacuum, ultrasonic, ultra-high pressure, and pulsed electric field technology, but also
exogenous mediations: adding exogenous substances such as sugar and polyhydroxyl alcohol and their mechanism of salt
reduction are reviewed. It also compares the advantages and disadvantages of each salt reduction strategy and suggests that
it still has certain limitations to produce ham by a single salt reduction method, the combination of multiple methods is thus
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a more effective way to achieve salt reduction. This paper aims to provide new insight and theoretical references for the

production of low-sodium dry-cured ham with high quality and safety.

Key words: dry-cured ham; sodium chloride; salt reduction strategy; salty peptide; mediated curing technique; quality

influence

T KRR T E R S S —, EImARRAY XU
R RUL GE SCAL N RTITIRSZ AT 5% . T KR E
LIFEIAL. 4 A EaF PSR R 22 E0RL, BrEh(NaCDAE
Shy BRI, HELA U . I RNERER L bE . Bk AR,
Sk B ARpets . . e R sREET RN
TR — 2SI PRI I R, A5 1 S0 BT AT AR 4 X
Bo  ANTE] b DR TS BB R FH XS bR sl =X,
JERT £E26E. FESFOHMHRAN T T2, &
FR I K RRIN TP AT Bk R R 751 2 —, B AMY
REfR LRk, M REMACE = (73 | T Hh. . IR RS
PEM, = A AR I T BRI, $2 = 2R A R AN LR
IRPERT), I A RHAN A A P 5, XA
KR A SR LRI RN T e A PR 3 S E M,

PRI, BEE A5 /KF H 2585, i B A Nati
JRA— 334 B3] e T A e T, vl PR o] A ot A A4t
R PR A RS iz s | R AT TR EE L. AT, E T
KIBRATSR L Gt i B i =X, OB TPl
o AKEPEEA AN IT BES & mr U, $2 O i A5
Ioa B A XU ), R 2 ST R, R
PR AR 5 B 2500 1B TSRS AAE 114 JXUSS: B A 267,
I HATREE OB ) — A RS [HEs, mdh
Gt R T AT SR AT AL T T 2 R R S TR
BHARH = & R E RN R Z —, Xk, 2016 4F[H
55 B BB 22 8 AR B v ] 20307 BRI 40 22 ) it H < —
DO, Horb oA < okER”, IR PR E1) 2030 4EFR
E A4 H NaCl 35 A 2808 20% 19 HHRP),
I, AnAT A B R < YR ER AN VSRR, YR ER AN,

TERCR KRl A Jre 0 OB A o

T, ST Yt i s R SR mes g 25538 H 25 1
o, TR SCEE L A X T K Ry ER SR EE R T R
48 PRIk, A SCA T R A T R g paiEl v, HE
FELAE LA RS th i T 12 R B sl S A T
JHE KB AR T R BRI B R B, sl A B | SR A
TR AREE; IR T 45 5 i IRER DL B =X 7 i
FESENR, STE AR BTt R 222l
I RS LR AR AT GRS
1 FRENRRE BB L TR

H A, T K B 4 56 DLyskEk s B 0 B RERE IR
BEREGSh | HAAER A A EXRIG 5557, X LTy
R R T IE IR GRS FRAIRER B 5 iy IR A 24k
JHR AT 0T A, — ey b SR s, inErEh
B2 D PO i N 7 N2 NI O .S 4 - S = R S < 2
(ultrasonic, US) | #8755 /& (ultra-high pressure, UHP) |
Jik w1 H3, 375 ( pulsed electric field, PEF) . Al A& JE 4
Ol . Z2 38 BEms 55 ) 9 S il B oR © Bl iE W BB A 4K
Vel DER I PR 1 it g R e R SR R RN, (B T
KSR H i R FHFRE AR L, 3 e AT IR S A= 7 i
E KRB F-BE . 32 1 X T bR yal 326 58 gk A2 I
PR s AT T 532 Gh, A6 H W RHT BLY8ER S ms
i
L1 BHERLCRILHFME

A A T K TR v g R B o, e TRT BRI T TR
EHERER NaCl @i, (Hi el nl e s S 28di 21
Il B. L. H, Z &K1 BT 7K B s P s, 20

1 TWEIRRE DL R ER 5 s S LA ik

Table 1 Advantages and disadvantages of common and novel salt reduction strategies for dry-cured ham
R i et %3k
EHERAT A FRAEG . 1 1 7 i i A, VAR e [10-11]
R PRTTeT. LNaCU HIBASIE, AT, BRAEJT 0, W 3 ORI 22 ok SOk, ok ol
2&1 A SRR, XK L Bk, RN SPEVRE, BiE N, Rk (14716

| | figs b 2B o g o
ft R R i AN L T S T AT ey

W BJ), ARt SR B D

N 536N BRI, 58 (R RIBE A PR ] T 55 DU 38 0 B A, Y
PR SR R A NED

N e e b sessg PLPENaCLASES, T R AT KR, AR
oLy At R ORI, SRR, SO, st SHBICREERA  (37-39)

’ I

kT SRR, %55 BZ, SLOOAORITT AR, AR, PR, PR A PR
Fo b IR FHAE LA [48-52]

AR YA S (5

e A ko
H%%

SNEYIA S
CNE 25210

FEEF O

R VR BB RIEOR, B BRI, 3
B, R T R AT

PR AKa,,, M NaCLy H

A, AE SRR

DABFIRGE, H R R R

[59,65,70,77]

[84-87]




%465 5 oM

PR IR, 4E TREJREE BRI it e - 437 -

2R TR A IR BRI g I S| At 22, it
AR, FEITT S R 174 it ORI AA U T e
Ik, T HEVR > NaCl B8 04 [F B RE S A R K B
IKIT7 . Bl BE . BRARITAE S TUREE, VR SR
FH5 NaCl fEE . BAL RN ZE R AR L A £
ARPFAT ARSI SR o
1.2 AR B R
1.2.1 EIRBEARY AR NaCl J2 /b KR
BE R, BT &5 4 KCl. CacCl,
I MgCL, FE N EER AN o (HZELRUEARER KOBRIER
B A L RUBRSE S TR E RO AR AN i sl ] 2
JEEIN, U S S I G B R R L 5]

KCl 5% 5 NaCl Mz A AHARL ) o HL 28 4P
1=, S IR Z I ARER A . IR RW] KCI 19iE
FEASINREAT RS KRR R B, ELXE ™ g gl
HRALFR PR AS P22 e . PR SCHE AR KCL %
1R 30%NaCl Jf-45 & 5 Ak e TS T 20 s il 1 e
KRR B E R (P<0.05), A 25 {H . (A ZORE
e B2 . BEEEPIIEHH KC1#
1R 40%NaCl X I K IR 14 25 1 o 4 it o 2 G i 2
SN (P>0.05) . FE—EfRE I, KC1 BARASm<sXt T
JIAE R PR AU .t B = A A R i, {H R AR S —
REVEEES, W= AR A R H/8%, Zhang 4519
KI 40%KCl AR 1 S K BRIEE AW & HER
1, ol XU 7= il 35, Ding 25815 ] KC1 3%
1R 30% 1% 40%NaCl Mz i i & gl K R, A5 e dr- 1 Jgk
Bz R KC1 BRI HE T 2 LR AR 17 1%
PRSI, 7K 38 dae i, A R =1 R RUBR T 1 8% ek
o AEYBURESE] 50% Az DL B, SR
WhN(P<0.05) . Kk, FEAFE M E HEREIYRTEE T,
JH KC1 #3538 NaCl 2 mT 471, (AT AR s 5o RTm
T T AR ad AR e 73R

Armenteros %5 ' F & 3h 1B & # (KCI1. NacCl.
MgCl,. CaCl,) i KK, 5X5 FEZH (100% NaCl) AH
Lk, &% CaCl, 1 MgCl, MK BREL S F N, (R E TS
PEAZF| W E R, nIREE N BHE T A TR . &8
R PRIRSE S EFS K. Blesa 25" i NaCl. KCl,
CaCl, . MgCl, )52 BoEh I il 78 B 24 KR, 25 58 e
HIK 4315 B (water activity, a,,) EbAEGefiE il K R &,
IR R TABEE 0 L ey 25 5 LU T, ZEas LR PN AR e
BERGIN . X R AT . 45 . BESE LA PH B
Bk, ERAR TR R L B B SS BRAIR, (HRT I . S Jm vk
N SN SR s BN = LV A = P g G
[] Ff AL 38 3 55 42 e i ) K SR A TR 1Y) ay, 5 2 i
AR, X TCE AN T AR . Ripollés 25
NaCl. KCl, CaCl,. MgCl, & FoEh #il /1M K, 4%
SRR R A AR B W 5, e R R U e B b
BEH &, 1 NaCl AT KOBR BAT SER A RBOER,
PRI, {7 TSR ER 2048 NaCl B, #3438 19248 e Xt
EERs et TIPS Na T2 SRS TN 7 =S S e

1.2.2 AEGEEREY  BREEREW, LR | B
Th . ZERBERRERT . PUIA M ERESRY SR S ER A
TEVCER A AT N . Horp, ZLIRRELAE T KR
Tz N, B BRI M R AN SO TR AR 1K, i
FUPTPE LR EE | AE AT OVE ], B AR Bl
BRI 43P, Liao 46?1 H NaCl, NaNO, Fil#l,
PR B (C H K O5) 52 e I il an 5 KRR, 28 SRR BT
2%CH KO, BEAR T A2 R ik U1 RN g 4 41 BT
B IR TIE IS o IRIBHE RS T gt KR
AR BT PERE, naE O R RR R M, BRI CHLKO,
I LLRE G PRI R SR 1 7 A, JE M AE M AR,
87 1 RIS IO A Al B A, DA T i e 2™ i i)
JE R, AR, FLRRER S INTEREAR & Eh 10 [H)
BRI T BAeE = il S B ATXUER . Fulladosa 45124
WFFEUEN] CyHSK Oy A S I 5 2H 1 i < JHR ity €235
RN ST TEAS 5200 . Costa-Corredor 2529 H 18
P ER S IR 2 KRR R RIS, Rt 2 3R
IR R | a,, FISEERBESE &, 11T CyH KO, ARG
JIAT B FREAGX LR, £ PR, ZLIREL HLA5 HoAth
TR EAT R B . S TR E A, ek B
M SHFERA R FHAEDRER KR P2 T A 714 .

TR R BE G 9 P T A PR BRI ZE A
I E T HARETE LA AT pH 25, SR K
JHE BB A A T A R R T AR AT I
PR ER (0.3% AEBEELEN . 0.3% ZIRBEELEN . 0.2% 7~
DB IR M) B b 25 3t v 4 LA A ORE ARk M 4R
T, YEERRER AR IR E] 0.4%~0.5% I}, 23774
JaR A B AT FR R, dok S S ORI XU | Y
WAk, GERRELRE, 8T BEXT AR R AL g >, B
BT, BERRERAE S B R B AR AE IR rh g 0 FHHR I %5
b, S ARSI I A T KR i TR EE At
FRISZI]
1.3 XUBRIEsE

IR 5 50 7 — 2 B HLA R b R IR 11
FCE Y 1 RIS R T, T B B ERAZ, HE N
IIXHRERE 2 B . AR . FLR . IR . &k
W2 | AZBEAZIR . WE BRI otk ok | ST AR
Vi Ry AR 18 58 750 FH ZEARER PRI o T g XUk
YEE 2 SENER R U S, R Rk B
b —EJE AT, AT REL P AR AN DR A, 1
DU 1 568 791 114D 95 T B A 8 5 1K 4 S [6pq ml 3 i Lk
WU, BRI, BRaNER e S 5 USRS 7R 52 eI
TFHIREN I KRG AF ST iz g 212

BE BRI . RS L e . LR AT R TR IL
G, USRS T DA I ST P AR R BB
SR AR AP it ) IAUBR FE 5, 38 AT LA o B R - R 11
HAEEAE P S B URUEE o Ban s Nt o PAYs kb
B PR R L, 2 DR SR LA R A R
AT ARG 3 s, Delgado-Pando Z804 szl
T 0.4% M LR Al H 2 BRIR G- il KR, 5



- 438 - £ Tl B4

2025 4F 5 A

R D2 20%, 107 i R AT 2232 PR 0 ) 55 2%
5o XA HESE T EERERR I TP O SRR B A R
ZIa] R EWE FH LU H 2 iR g A rar i FER, A5 280
i TR T KRR BB IXUBRFE R . D341, XU
PSR TR AN AN R4 S O O e B B
P& B i B R A B E T B2z . X2
S B SR BEAT 235 FH NaCl, KCl1. CaCl, 7E/iE
il 5 R A PRIBCRFNATIRD 0, HAT, KU 5857
TEARAN 1 R 8 0 FH 25T, (EAEIR AN
AN R AT A PR A PR LS s TR
2 X BESRAL h w
21 BEYIERSKM

JE RN B ) 5 B S R SR R I E AR G, B
Bk FR VRO, LA YRR ) s
PR MRV P NaCl By 8 B2 T LAE I B8 7 [ R 25
FRRGHEFR RS, DT T A L i B ) ) SR A SR )
e, FEASSE M = S BT P AT, SR SR AR AR
IR SRR ) FE BRI 2 —

T IR AP AR v AR A A | i sh
45 BRI AR T SODA-LO™ER IR, B fE
R B A 50% BUER SN S PR USR5
L5101, Rios-Mera 451" FHAHOM AL ER BRAR T 4= I
ERR R O, HLH pH. B S0 — S8 BB ek
Vs I (ER R SR T AW WS € i Y v ST AEE SN
BEHETF KR KR SR E ), = m] BB R R L ]
PR CANEE L DFE) vl S B A S0, 3K
A L U Eh SR W 08 B X BRI — 8 SR PR M. R4
NaCl Yy HIE &M BRI & & A3k i H AR R AL
B, {E R AR BRI T H H, B e A =i+
JHE KRR A BIF T AT Hi 8, HAl MR TRIR AT o
2.2 KRB

JECR RS —Fh /NG R, LA TR SR i R R
BRI BRI SR G Ak, REREEE
BLEER MR FE AR T TR 2 N, B ESR R
RS . Ak, SRR IR FH YR PR T
TR XU I BT H 4, PR SR K (orn-Tau. HCI
1 orn-f-Ala.HC1) J& 5 Tada 5™ ¥E -G B ES 25 7K
R N s SR s b & B0, 45 =CaniEl 1 s,
HJR 5 NaCl AR RIS S & o JaliR K Y 22 AR
32 HLE FEIR 2 RN 2 ) G AR ), A R SR 1,
JPAIAS R Z R SRR ANR], [R]—Z2 IR EAS R
HR R R G R R AN RIS RV R R R A LB i
SE4x B, (HFST 2 B — LB a K, RRBIE S A R AR
MRS NaCl AE7E M RIVE T, BRAL ™A= S5 1) JaU sk ik
B, Wang G A rhali A S e H R A E
BRAK KER(Lys-Glu-Arg), iZ KR I H K 43 s,
H5 NaCl fErE RISy o FIREEN FIXU K
Sy EQ X MR 1A A5 21 X Tl A YR s 35 81 55 mmol/
Lo 050 ik B i 5 IR S HLSE R B = 1 in £
FRVRM T EI R AR B K A SRR R b 2 S o,

PR AT R A AR E . DA iSRRI B
R SRR IR B R A AR E R s R . E AT,
BV IR s Gz FH eI R il rp 2o oalidh . X
ST AP R RS B TR R TR ER 4R NacCl
TARER R, IEA R T IER AU AR, BT T
ARERTF B Ui IRUER (545054552 ] NaCl., KCI
JER A BC IS i PRI R, B i I o8 ELJR B AT XU 5 %)
REZH (100%NaCD) FHRL . X EEBF IR HE R A P2 R4 K
JHE AL T BRI

HN \~OH

NH,
orn-Tau.HCI orn-f-Ala.HCI

B AR R

Fig.1 Structure diagrams of two salty peptides™™

JRLAR AT D 4D SR A A R i R
FRERELH T RN AT, (HEEA SCRRIGE o R Rk
JIRFNENER S EC A ) IR, 2 R mysidh B R
AR o PRI, AR n] LA e A FH s MR TR 1 s i,
3 HAT LA JEUEH A e PEATIN T 25 A4 i 42 il O TR 7
IFE, ARSI IR A PRI 5 11 s SR R, 5 5
MBI EIE T AT 28 B ER AN TR 2R o
2.3 4R SHHIRR

TR L5 A2 4%, NaCl 76 A H i 0 13 i
WRE, 22\ WLEr4Erb LRI IS T 04 BHAS 2> fd
JHE il B ) sk, AT B A0 AR R AAMEAR RSO, s
ESIND SV N A DR SN QU SR 7R s NI NP1 B
NaCl f£ T, il dos . H R RER il ahn T
DL B B S HEH AR AN 2 P
231 HEHEOR A EBEOR T A2 LT
A ER U AR A B PR AR5 Bl 127, DT S g il
FfTE], et kg o)A . e il TtiAsh T 2# L]
s T4 B AR AR W MAD) IR RE AR RE A1 0E ™ B 5
AISS G TR EY . H AR BUE— M B B K
TR, BT AL B ST TR EORHR e SR,
il T TR R AR E B R S TR i gErd st
M R R R ], IX AT R SO A IR
ATEA AN KR 0L FHSZ FR

Bampi SE5% K BLECAS pk b S ARV AR R RE
AARE PR ER B E] o T TR, R S TR
T 2RSS SR e s 1R Dk rh LA RN 1R R
AbPEAT B TR A ZH R, 2 2 NaCl [ LA 3 1Y,
IR PR A A PO IRURE | AT TR T4, |
TR SRR NI AU, et E K B @& fy-
i, HERIEE . Hayes 450 25 1360, IR EEFIELZS
EPAME S T TR A SRR E sz . H
BRI, Ik T A, 127 T AR A



%465 5 oM

PR IR, 4E TREJREE BRI it e

- 439 -

“{§§;3 SNl
5 { o
E BT 5140 ~ VRO
PSR
[ N —
) |
| nE
g% Bnhei
LS x \ , e
o
AL ‘ -
]v EFasye  —> SRR
PR .
L E= gl asE | SOOI
878 7 Hg Ttk Ll
MPEAERE N GiepNatitin — Rk .
B

P2 LRE R B S B R

Fig.2 Common novel physically-mediated curing techniques®”

R B AP 5 . Marriott 2508 38 B A VR 3R]
AR i K BRI i 2 S B R e P A AR Ao
JH 52 T 1 Bl (2%NaCl., 0.2%D-5 Bt P 1ML B2 44 .
0.7% 2RIEF) &5 A HAs TR R T 2 AF A TR IS il 33 B o
PS5, B SR RS T 20%, BYE AR e, O
PRRF AT e ERE A XU . A b, B TR A 5
FABAERIN TR ARBAS M, Jiang 550 HRIE#E 754l
B B 2S VR R i3 T 8 4 P 4 A P XU Ak
BRI, A B TR ARRUARERE . 7L
ARSI T, EAs TR H FH T3 RIS T4
B, SR, MG B— A TR T A B e R 28
HMTBSRFERT RS o T KBRAARTFROR HIB AR IR, 72
TR ARSI, S A R SRS I S
FHRTREIRZ B4 R R

2.32 HEFAEPFE(US)HEAR US FHARLED S35 FTEE
PN, REAEHEG T ER I PR ]t e ) el R v R T R 2K
It EREaE, R RS IR . iR S A
TR ATCER 1M P R i BT TR, R — R Y
D ER R AL, 24 US ZERARAN T A& I 2 7E
FhoK = A= pat i A AR, S A A AR TR
S} PR MM s B IR , YA RSSO 2 T I G T, Tk 2l
VEFH#AR AT LAYS IS PRIZE s il A v 8 PN ESBEL T, AT
IE NaCl &5,

Inguglia &5 8 75 B AR TN KC1 A CER S
i3 FH, JE sk ] P BRARS T s I IR R, T pHLL 7K
Sy hb. a, RIAE . Barretto 4519 32 F US AR
Bt 2H KRR, AR T 32% AN S, ol T ARGk
JRRE €L, EA ARSI Db, AN i S AR e TR . T
B AL R £ o = A S A DA T KRR A O 2

T, B TR AT SR ERE nI 2 . SR
GO T FE SR US R RE#EA PINUR S48 1 4
TR, £5 i PO R LR PE RN . (Bt WF ot 3 BH
US AbEERT B AT il 77 AR SR . ) ERSE AR LA
Te EBEFNR B W R AL B T S 380™ R TR 52
W7, Kang 55 HRi8 US F A il 4= A i Big W7
SE AR I R, A AN A R e e AR Y B R S
FEAEL, A RLEAE . BAR US HFARAERE
AR PR ] S 3 B TR VA T, (EANGE B
FRE T2 IR H L R, S 2R S 4irn
B, AN, T BRI L AR =X
BEHAB PRI T AR, T AR B AN [R] TR KRR 4 5
BAIE T T 28— RS E S =58

233 HMEEUHP)EAR & TR kbR —
FIAEVEBE T 9 FH A E IS ISR B HOAR, BATRRILT
JHE K R ER B g 931070, ELAT, A8 i RAG BRI BAL
HEZHTSZ B DG, M TSN S A XX — 31
S TR R B3 S RN T A IR S T i ok R
TERAURPETIT %€ . Picouet 28U ST, T K iR
£ 600 MPa (=5 AN S AT LAFEASSE NS BR Sk 5 it
BT B5E Hs IR IE A, X n] fE S = R Na' 5 A
HEHPFHEAEFA R LSS, 600 MPa = FRAN R T
JHE K BRHILEF M AR 2 Al (] Bsvas ), [RIE T3 T WURETF
YENESEEIRAEET . UHP 77 AR 1465 AR08 AN AR (1 )T AR
A R TR S L, & J1 s, /b Natigs
R T E X BRAR AR T, B0 T KR HR iR RS Nat e,
[FI Bt BT AAAE J3 BE R T2 A B TPV, IxX iR
TR i EAL FR KR B RUHER IR . Fulladosa 245024
FORIFSE UL & B0 25 J R AL BR (600 MPa) B350 1 K BRAY



. 440 - é’uﬁ&TWﬂ*ﬁ

2025 4F 5 A

JEMR | B | RHIR S RUSRAEAE, JEE B AT D R MR
Ak, UHP {406 B8 TEBA AT ARG K36 PR il
i A I A AT VRO A= 7, DT i PR )
LRI IE R AR BT AT, Fulladosa 5517 WF5% T
C3H KO, F1 UHP [ 45 FH o) yalt £ 5 Ay kiR 22 4k
IS H A5, 235 S A LR R vy e Ak L i = P o)
TR A, (E R KRR 4 5 A T i 5
M, SEATENIN NaCl SR$& E PI2SEE TG TE L FiK
JIREEE B kb, R R A PR R e AR A TR
SENR ) SRR, TIPSR B UHP RS #MES08ER A
il dy B I BE R R AR ST, Zhou AV
200 MPa /= FRANERBPER AL 25% NaCl 1934 Rz,
AAER BB IR, EL e AR Bl 7l (e R 22 v
P, BT IR R, 28 UK REIR. BT, e
AREEAE % B AR SARER I B 77 FH F R BES
Fedn T, BRI ICEREE AR R A EE R, T
RN T K B R A5 2 7= A A R R s SR A T 10— 2t
5, I ELFF ZEARPR EORE T T2 R A A AR ]
RER I dead it i 1 ARt aE]
2.3.4 PkiepH g (PFF)$R  PEF SRR TR H
B 2 AT FEL G T 155 2 L 2R F LIRS LN TR TRISE, e
IR —FhAE AL BRT 24 AR, SAge i T.J7 =X4H
b, AR AR T M SRR B S SR AR E B
A BRI FHRTELTC, PEF 76 P i B 0 FH AR
TR AT W 5 | 7, AEJE Bt a] 0 5 bk o, PEF AT
LI R EA FLBR s A3 B LR 5 S 4n i s 5
75, PRI AT DA FHAVE AL B LB = s i 0R, (e dh gl
PO A 5347, TG EHRET T kv A g i asE
i AT EN LR AN 3 B o AE Ayl 1 Kk i

PG B B A, HERE H RATAY7RE. Dong 257"
K IZE PEF(4.5 kV)ALFR 12 h 535 AP O3k &5
AL T4 20 h pyHRuCER & AR, U] PEF
ACPREEA 20 4E IR TR] . GRS, PEF 20248 T &I
TSR FO U LT 4R35 11— g4, ARt 1 Ehim
Y. ISATITEHGE, PEF el i BRR IR L £T 4
Sl I P IR, Jeong 2509 3RGE T 4 IAE PEF
ACHE S, HOEAS LIS, H FE LR S ISR AT
Mt N A 2.0 kV/em BsF, 351 S FEAK 35%. 4R
111, PEF 7E 2035 RS iU Jy T A E B4, HsE
WAL AR 524 I . Khan ZEBY BF 58 & SR ik v
P 17Xt i v TR 0 DG Sl S5 2 0, T v bk e 7 ST
SR IR B S AL RR B, o 2F P ST o e A i TR
Wi, X FBINIE]SE Y PEF A0BR P #5 T B AR A
[R5 -

PEF H A o f 2 FLER G | 20 I 0 4 fit 1 375
PEISFEMRER A4 EORIAEMN BS 1 10A% 336, DI S5 PE R
PRI . SR, HLZEfLAIAZ 3] PEF 230, 4ifiiz:
ORI S EEE R 2 R FE B, 5540, B4k PEF
AN HEIABERAR, {H T REF L M INGRE, 1R
EAESTHE, PPN 1] BRESRENA (05 | FrakK M
RSB AEA RS PES . BRIk, AR RISt R 45 & i
KGR B S B R T T2, -4k PEF #i Bh i
il AR A S5 F, AT 48 B BRI RE YR, R UE ™
Ty
2.4 SNESIN SRS

HINIF AT i ) e A N e AR R AR B S A1 O
N, I ASNEY) BT AR S ., DT RE 06 £ 5
S KSR TR, InRER S PR A B a,, YR

L Wkt b3 \1

.. . LA

NaClik A 4 i 5218

AR HL 2 AL

- (oS

HL L L

v

FREERK i 37 40

SRSl PODESCE

BRARXU> T2 ~.

4R R L 2L T ]

LRSS B : .
JIANaCfE ] : I

|

. : .

o P S I -

. '
- 1 !

c o . I .

- - . * + . 1
. . . * Na : ]

1

T gL ENaCIEA | - O

IR SUIL=R 7)) I BEN I By ORI Rl

Fig.3 Potential mechanism of meat curing acceleration by a pulsed electric field™



%465 5 oM

PR IR, 4E TREJREE BRI it e - 441 -

JE, BEARER AR . bl . 2Bl S ) I 1Y
YN LR R P i b, EATTRE S Skt
BVERBIER, i R B a,,, SHIER A9
TR, T AR PRI ) i ) e 2 B R

WFFERM, Hhidh . KA ) = oI R iE i
RSO L F R AR 2H B — e i S5, Sl
TR T B B A5 B TR AR SR T, BRI R LE AR
P, - AR s A NE BT . S350, s 2k
“BRBEASON”, BEAS NaCl 478, XA F) 64> P il i
PR E SRS RSN AR R R R B AY 2
LR, SR Jo . JoiE. HA . NaCl 57K =0
MR IR RIS S RE AT 0, REM A R itk
IR, TR ISR fh FE D B I, SEZ% T NaCl
PRCHEE, TTRERER . AnlE 4 s, AR
FHIE ST, FEIXAS = JoR R, th THAI AR Z (6] /Y

SHEAH EAE A, S305 AR AR KT Eoe
kb, BEALAMRY Nat Bl o[RS, K53
DU ARG, AR AT LUK T HERIS MR RO £ A
4, DT REATRZH AL P9 ) 3 K 7 IR e N =
s T KR, 25 SRR TN — I a s A A TR
BRI ER SRR G35 1, X7 S 7K I | BTA S5
—ERRETHEN . WA WS HGE A H A S
FEARER & B O A — L A B P A N . Gu 450
JHAHEE A5 B H A S 58 H6 A, 7 e i B R
T a,, FIZE SRR, 7™ il BT AT L2k 3% o Liu
S0 UBAF S BAT AL SR . (HIAA OBFTE R
PEAS T HAIMXS A a, BORZ0E, 00 H s R
AN R TR = BRGERINTSY . 2 BRTIR, S %
XA RIS S HEH I REN K BRI JECE . BRI, 22 ey
PEAFRITIRANITE

gl

i
‘ﬁmmﬁﬂﬂmﬁswj

WILPA 41 e
@®r =~ "\\\
e }})
%eﬁ NN

ik T

LERUIEIIA

#9)J_
N

NaClI i iE 2%

S
ﬁgg:

T

(1O @
@ T ammE
BB AL S T4 N Y

AACEN

SALHAEH

B4 Hhig A 22 AL BB ™

Fig4 Mechanism of glycerol solute film retarding sodium chloride diffusion™”

3 4B

B2 ARG Bk, Erah B At 22 By
BRI ATUSR 1 T B V] ST, Yl R e P
AT 2 24T AR AT I — A PR ki . T
Wl MR R . FANER A . XU 3 B U TR
TN LR FEIRER S £ k)12 38 FHAE T B,
(ELSC 77 A Ut (14 [ e 2 e 7 i R R . A A
LA A AN RV EE BB, T B SR I
JEFBl. b, S TR SR A P U
T L BRLAT AT RE . 1458, S48 NaCl B4 BUE
A5, R U (4 TR AT L M 388 ol A A1, Yol B 25
(7 i ELICAR 2% Mk, EL R o NaCl (1 A
v B TGN R, EL F AR IS S S A 5 B A

IS MEE JR T, e B PR B R S LA,
TIAT S 2RI G GRS, DT SEBASARG 7 i
SR IO AR o R, ST AL - I AR H A
AT B il AR 25 fre el A EER A R PR i
FpRaEUA 5] 53 A, NI S il B AR piEE . H
X BEFEAKEHE) ™ D T KR, BT X AR T 22
B iR rE L AHE 2L TR AR

i BTk, MR EIR R — PR TR AR —
A JRERVE, (B Z A0 7 25 T T LR S PRI
HH, PR AT LAEA T — 2652 5 Ry S s i AR ST 5T o
NaCl J&—Fi s AR AR HLAAS n] 2 i g il 7], gk 3
WS ERDNAS . PRI, FELRIE il i B R4 4=
PR RIS — b AR | $ A 5 r al B 7



. 442 - Q&T\lv*’Lﬁ

2025 4F 5 A

RS T JOBRA Tl AR A AP R g [

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE K
[1] ZHOU Y, ZHOU C Y, PAN D, et al. The effect of sodium
chloride levels on the taste and texture of dry-cured ham[J]. Journal
of Food Measurement and Characterization, 2020, 14: 2646—2655.
[2] X%, F@mA, 505, F. R RS £ R AT K M
BRIy At %vm (1], e Tk A3, 2016, 37(2): 322-325,
366. [WULL,LUOR M, KONG F, et al. Effect of cooking loss,
tenderness and water distribution of Tan sheep at different salt addi-
tion treatment[J]. Science and Technology of Food Industry, 2016,
37(2):322-325, 366. |
[3] &3, HaaR, W05, 5. 2 mAH A8 1S R IUR ¢F 4%
6 45 My fe o RE 4 M 69 B eh [0, R S T AR 3, 2022, 43(24):
45-53. [ MENG J J, XU S R, DENG S, et al. Effects of salt mari-
nating on chicken quality and structure characteristics, function char-
acteristics of chicken myofibrin protein[J]. Science and Technolo-
gy of Food Industry, 2022, 43(24): 45-53. ]
[4] BARCENILLA C, ALVAREZ-ORDONEZ A, LOPEZ M, et
al. Microbiological safety and shelf-life of low-salt meat products-a
review [J]. Foods, 2022, 11(15): 2331.
[5] WATSOJ C, FANCHER IS, GOMEZ D H, et al. The damag-
ing duo: Obesity and excess dietary salt contribute to hypertension
and cardiovascular disease[J]. Obesity Reviews, 2023, 24(8):
e13589.
[6] BOVEE D M, UIIL E, SEVERS D, et al. Dietary salt modi-
fies the blood pressure response to renin-angiotensin inhibition in
experimental chronic kidney disease [J]. American Journal of Physi-
ology-Renal Physiology, 2021, 320(4): F654—F668.
[7] TAKASE H, TAKEUCHI Y, FUJITA T, et al. Excessive salt
intake reduces bone density in the general female population[J]. Eu-
ropean Journal of Clinical Investigation, 2023, 53(10): €14034.
[8] WU XM, CHEN L L, CHENG J X, et al. Effect of dietary salt
intake on risk of gastric cancer: A systematic review and meta-analy-
sis of case-control studies [J]. Nutrients, 2022, 14(20): 4260.
[9] B4r. “4 ¥ B 2030"# % R % [OL]. (2016-10-25)
[2024-4-18]. https://www.gov.cn/zhengce/2016-10/25/content_512
4174.htm. [ The State Council. “Healthy China 2030” plan out-
line[OL]. (2016-10-25) [2024-4-18]. https://www.gov.cn/zhengce/
2016-10/25/content_5124174.htm. ]
[10] Aok, Xm0, 3t &, 5. N4 & P R ATt & [T].
A Tk A%, 2022,43(13): 408-415. [PIR B, LI D P, HONG
H, et al. Research progress on sodium salt reduction strategies in
processed meat products[J]. Science and Technology of Food In-
dustry, 2022, 43(13): 408-415. ]
[11] WANG J, HUANG X H, ZHANG Y Y, et al. Effect of sodi-
um salt on meat products and reduction sodium strategie-A review
[J]. Meat Science, 2023, 205: 109296.
[12] Wy, B g, 248, 5. ¥ 9 KCl AKX NaCl 438163 %
P T LT KRR & FH R e %m [J]. & & A5, 2017,
38(17):77-84. [CHEN W B, LI H L, WANG J, et al. Effect of
partial repiacement of NaCl with KCI combined with high-tempera-
ture ripening on color formation in dry-cured hams[J]. Food Sci-
ence, 2017, 38(17): 77-84. |

[13] R TRMW, EH, F. KCl3Ha2%/K NaCl 57 F M K Aig

I ZIARFEG ARG a ] A& T AR, 2015,36(18):
103-107,112. [LIH L, WANG Y L, TANG J, et al. Influence of
partial replacement of NaCl with KCl on proteolysis during process-
ing of dry-cured hams[J]. Science and Technology of Food Indus-
try, 2015, 36(18): 103-107,112. ]

[14] ZHANG Y Y, WU H Z, TANG J, et al. Influence of partial
replacement of NaCl with KCI on formation of volatile compounds
in Jinhua ham during processing[J]. Food Science and Biotechnolo-
gy, 2016, 25: 379-391.

[15] DING XL, WANG G Y, ZOU Y L, et al. Evaluation of small
molecular metabolites and sensory properties of Xuanwei ham salt-
ed with partial replacement of NaCl by KCI[J]. Meat Science, 2021,
175: 108465.

[ 16 ] ARMENTEROS M, ARISTOY M C, BARAT J M, et al.
Biochemical and sensory changes in dry-cured ham salted with par-
tial replacements of NaCl by other chloride salts[J]. Meat Science,
2012,90(2): 361-367.

[ 17] BLESA E, ALINO M, BARAT J M, et al. Microbiology and
physico-chemical changes of dry-cured ham during the post-salting
stage as affected by partial replacement of NaCl by other salts[J].
Meat Science, 2008, 78(1-2): 135—142.

[ 18] RIPOLLES S, CAMPAGNOL P C, ARMENTEROS M, et
al. Influence of partial replacement of NaCl with KCIl, CaCl, and
MgCl, on lipolysis and lipid oxidation in dry-cured ham[J]. Meat
Science, 2011, 89(1): 58—64.

[19] XUE S W, ZOU Y F, CHEN X, et al. Effects of sodium
tripolyphosphate on functional properties of low-salt single-step
high-pressure processed chicken breast sausage[J]. International
Journal of Food Science & Technology, 2016, 51(9): 2106-2113.
[20] YANG SJ,MA X L, HUANG Y F, et al. Comprehensive ef-
fects of potassium lactate, calcium ascorbate and magnesium chlo-
ride as alternative salts on physicochemical properties, sensory char-
acteristics and volatile compounds in low-sodium marinated
beef[J]. Foods, 2024, 13(2): 291.

[21] SHELEF L A. Antimicrobial effects of lactates: A review[J].
Journal of Food Protection, 1994, 57(5): 445—450.

[22] LIAO R, WANG Y, XIA Q, et al. Effects of potassium lac-
tate on sensory attributes, bacterial community succession and bio-
genic amines formation in Rugao ham[J]. Food Science and Hu-
man Wellness, 2024, 13(1): 198-210.

[23] AKSU M I, EBRU E. The effect of potassium lactate on the
free amino acid composition, lipid oxidation, colour, microbiologi-
cal, and sensory properties of ready-to-eat pastirma, a dry-cured and
dried meat product[J]. Journal of Food Science and Technology,
2022,59(4): 1288-1298.

[24 ] FULLADOSA E, SERRA X, GOU P, et al. Effects of potas-
sium lactate and high pressure on transglutaminase restructured dry-
cured hams with reduced salt content[J]. Meat Science, 2009, 82(2):
213-218.

[25] COSTA-CORREDOR A, SERRA X, ARNAU J, et al. Re-
duction of NaCl content in restructured dry-cured hams: Post-rest-
ing temperature and drying level effects on physicochemical and
sensory parameters[J]. Meat Science, 2009, 83(3): 390—-397.

[26] Fw=, ke, ML, F. FRBBR LA SARAK M F
vy [, W d Rk K 3R, 2008(4): 439-442. [LIM Y, ZHANG
QH, LIU Y X, et al. Effect of phosphates on meat water-holding ca-
pacity [J]. Journal of Henan Agricultural University, 2008(4): 439—
442, ]

[27] kuerk. Bhig 340 A 3 ho T o4 5 A B (1], A 3% T3k,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s11694-020-00511-3
https://doi.org/10.1007/s11694-020-00511-3
https://doi.org/10.3390/foods11152331
https://doi.org/10.1111/obr.13589
https://doi.org/10.1152/ajprenal.00603.2020
https://doi.org/10.1152/ajprenal.00603.2020
https://doi.org/10.1152/ajprenal.00603.2020
https://doi.org/10.1152/ajprenal.00603.2020
https://doi.org/10.1152/ajprenal.00603.2020
https://doi.org/10.1111/eci.14034
https://doi.org/10.1111/eci.14034
https://doi.org/10.3390/nu14204260
https://doi.org/10.1016/j.meatsci.2023.109296
https://doi.org/10.7506/spkx1002-6630-201717014
https://doi.org/10.7506/spkx1002-6630-201717014
https://doi.org/10.7506/spkx1002-6630-201717014
https://doi.org/10.7506/spkx1002-6630-201717014
https://doi.org/10.1007/s10068-016-0053-3
https://doi.org/10.1007/s10068-016-0053-3
https://doi.org/10.1007/s10068-016-0053-3
https://doi.org/10.1016/j.meatsci.2021.108465
https://doi.org/10.1016/j.meatsci.2011.07.023
https://doi.org/10.1016/j.meatsci.2007.07.008
https://doi.org/10.1016/j.meatsci.2011.03.021
https://doi.org/10.1016/j.meatsci.2011.03.021
https://doi.org/10.3390/foods13020291
https://doi.org/10.4315/0362-028X-57.5.445
https://doi.org/10.26599/FSHW.2022.9250017
https://doi.org/10.26599/FSHW.2022.9250017
https://doi.org/10.26599/FSHW.2022.9250017
https://doi.org/10.1007/s13197-021-05137-x
https://doi.org/10.1016/j.meatsci.2009.01.013
https://doi.org/10.1016/j.meatsci.2009.06.011

%465 5 oM

PR IR, 4E TREJREE BRI it e - 443 -

2003(7):36—41. [ ZHU X L. Application and detection of phos-
phate in meat processing [J]. Meat Industry, 2003(7): 36—41. ]

(28] T, ZA M, £, R FI BB 3h 23 7 LA SR AR A #9
# ok (1], & A5, 2009, 30(21): 56-58. [ DING W, KOU L P,
REN J. Effect of polyphosphates on tenderness and water-holding
capacity of pork muscles[J]. Food Science, 2009, 30(21): 56-58. ]
[29] Frmesh, R fa, 1% Tk @ leHr e AFE 2 R A (0], A 281
%.,2004(4):36-38. [ QIAO X L, ZHANG Y Y. The meat indus-
try faces a new phosphate problem[J]. Meat Research, 2004(4): 36—
38.]

[30 ] SENY, EVREN B. Utilization of yeast extract as a flavor en-
hancer and masking agent in sodium-reduced marinated shrimp[J].
Molecules, 2023, 29(1): 182.

[31] LIUS X,ZHANG Y W, HARLINA P W, et al. Sensory char-
acteristics of low sodium dry-cured beef and their relation to odor in-
tensity and electronic nose signals [J]. International Journal of Food
Properties, 2020, 23(1): 116—-126.

[32] LIU X, PIAO C X, JU M. Effects of low salt on lipid oxida-
tion and hydrolysis, fatty acids composition and volatiles flavor
compounds of dry-cured ham during ripening[J]. LWT-Food Sci-
ence and Technology, 2023, 187: 115347.

[33] KREMER S, MOJET J, SHIMOJO R. Salt reduction in foods
using naturally brewed soy sauce[J]. Journal of Food Science, 2009,
74(6): S255-S262.

[34] DELGADO-PANDO G, ALLEN P, KERRY J P, et al. Opti-
mising the acceptability of reduced-salt ham with flavourings using a
mixture design[J]. Meat Science, 2019, 156: 1-10.

[35] VIDAL V A S, SANTANA J B, PAGLARINI C S, et al.
Adding lysine and yeast extract improves sensory properties of low
sodium salted meat[J]. Meat Science, 2020, 159: 107911.

[36 ] CAMPAGNOL P C B, dos SANTOS B A, MORGANO M
A, et al. Application of lysine, taurine, disodium inosinate and dis-
odium guanylate in fermented cooked sausages with 50% replace-
ment of NaCl by KC1[J]. Meat Science, 2011, 87(3): 239-243.
[37] RIOS-MERA J D, SELANI M M, PATINHO I, et al. Modifi-
cation of NaCl structure as a sodium reduction strategy in meat prod-
ucts: An overview [J]. Meat Science, 2021, 174: 108417.

[38] SUN C X, ZHOU X L, HU Z N, et al. Food and salt struc-
ture design for salt reducing[J]. Innovative Food Science & Emerg-
ing Technologies, 2021, 67: 102570.

[39] VINITHA K, SETHUPATHY P, MOSES J A, et al. Conven-
tional and emerging approaches for reducing dietary intake of
salt[J]. Food Research International, 2022, 152: 110933.

[ 40 ] TUNIEVA E K, GORBUNOVA N A. Alternative methods of
technological processing to reduce salt in meat products[J]. Theory
and Practice of Meat Processing, 2017, 2(1): 47-56.

[41] RIOS-MERA J D, SALDANA E, CRUZADO-BRAVO M L
M, et al. Reducing the sodium content without modifying the quali-
ty of beef burgers by adding micronized salt[J]. Food Research In-
ternational, 2019, 121: 288—-295.

[42] GALVAOMT E L, MOURA D B, BARRETTO A C S, et
al. Effects of micronized sodium chloride on the sensory profile and
consumer acceptance of turkey ham with reduced sodium content
[J]. Food Science and Technology, 2014, 34(1): 189—194.

[43] ZHANGL L, QIAO Z Y, LIU S Q, et al. Particle size reduc-
tion technique for NaCl crystals as effective and applicable strategy
for saltiness enhancement in solid foods[J]. LWT-Food Science and
Technology, 2023, 191: 115655.

[44] HUY Y, BADAR I H, LIU Y, et al. Advancements in pro-

duction, assessment, and food applications of salty and saltiness-en-
hancing peptides: A review [J]. Food Chemistry, 2024, 453: 139664.
[45] TADA M, SHINODA I, OKAI H. L-Ornithyltaurine, a new
salty peptide[J]. Journal of Agricultural and Food Chemistry, 1984,
32(5):992-996.

[46] LEB, YUB B, AMIN M S, et al. Salt taste receptors and as-
sociated salty/salt taste-enhancing peptides: A comprehensive re-
view of structure and function[J]. Trends in Food Science & Tech-
nology, 2022, 129: 657-666.

[47] SCHINDLER A, DUNKEL A, STAHLER F, et al. Discov-
ery of salt taste enhancing arginyl dipeptides in protein digests and
fermented fish sauces by means of a sensomics approach[J]. Jour-
nal of Agricultural and Food Chemistry,2011,59(23): 12578~
12588.

[48] WANG H Y, CHEN D, LU W J, et al. Novel salty peptides
derived from bovine bone: Identification, taste characteristic, and
salt-enhancing mechanism[J]. Food Chemistry, 2024, 447: 139035.
[49] Esk, b, IR £ ¥, 5. BRK Ao KT 40 2 & 3R 3 moR i)
52 (1], F B vk &, 2017,42(5): 12-16. [ WANG X, AN C,
CHEN M L, et al. Enzymatic hydrolysis of Parapenaeopsis hard-
wickii (Miers) protein for enhancing saltiness[J]. China Condi-
ment, 2017, 42(5): 12-16. ]

[50] 7. sa%&aEifb ksl &AL 24 1At [D]. £
. L K %2, 2021. [ YAN F. Preparation of pea protein Maillard
peptides and their flavor characteristics[D]. Wuxi: Jiangnan Univer-
sity, 2021. ]

[51] Rz, F@ik, R4, F. SoAHF RIS HK NaCl A&
AW S Ao Rk 0 v [JJOL]. & Tk A% 1-21. [2024-08-
31]. https://doi.org/10.13386/j.issn1002-0306.2023120208. [ ZHAO
L,CAO Y X, SONG Z W, et al. Study on salt reduction of yeast ex-
tract and its application in broth powder[J/OL]. Science and Tech-
nology of Food Industry, 1-21. [2024-08-31]. https://doi.org/
10.13386/j.issn1002-0306.2023120208. |

[52] MR, 31 A&, AR, 5. AK4 K B 1T S 224045 P BN A
27 [J]. & 5% 5 AUk, 2019, 35(10): 126-130,205. [ HOU T T,
LIU X, CUI F S, et al. Study on physicochemical property and fla-
vor of fermented meat products with low sodium[J]. Food & Ma-
chinery, 2019, 35(10): 126-130,205. |

[53] JIASL,SHEN H R, WANG D, et al. Novel NaCl reduction
technologies for dry-cured meat products and their mechanisms:
A comprehensive review [J]. Food Chemistry, 2023, 431: 137142.
[54] SALEENA P, JAYASHREE E, ANEES K. A comprehen-
sive review on vacuum impregnation: Mechanism, applications and
prospects[J]. Food and Bioprocess Technology, 2023, 17: 1-14.

[ 55] BAMPI M, DOMSCHKE N N, SCHMIDT F C, et al. Influ-
ence of vacuum application, acid addition and partial replacement of
NaCl by KCI on the mass transfer during salting of beef cuts[J].
LWT-Food Science and Technology, 2016, 74: 26—33.

[56] HAYESJE, KENNY T A, WARD P, et al. Development of
a modified dry curing process for beef[J]. Meat Science, 2007,
77(3): 314-323.

[57] ZHANG R U, XING L J, KANG D C, et al. Effects of ultra-
sound-assisted vacuum tumbling on the oxidation and physicochem-
ical properties of pork myofibrillar proteins[J]. Ultrasonics Sono-
chemistry, 2021, 74: 105582.

[ 58] MARRIOTT N G, GRAHAM P P, BOLING J W, et al. Vac-
uum tumbling of dry-cured hams[J]. Journal of Animal Science,
1984, 58(6): 1376-1381.

[59] A+#4e AR M P A T T Z 44 [T]. B % T 0k, 2019(7):


https://doi.org/10.3390/molecules29010182
https://doi.org/10.1080/10942912.2019.1708927
https://doi.org/10.1080/10942912.2019.1708927
https://doi.org/10.1016/j.lwt.2023.115347
https://doi.org/10.1016/j.lwt.2023.115347
https://doi.org/10.1016/j.lwt.2023.115347
https://doi.org/10.1016/j.lwt.2023.115347
https://doi.org/10.1016/j.lwt.2023.115347
https://doi.org/10.1016/j.meatsci.2019.05.010
https://doi.org/10.1016/j.meatsci.2019.107911
https://doi.org/10.1016/j.meatsci.2010.10.018
https://doi.org/10.1016/j.meatsci.2020.108417
https://doi.org/10.1016/j.foodres.2021.110933
https://doi.org/10.21323/2414-438X-2017-2-1-47-56
https://doi.org/10.21323/2414-438X-2017-2-1-47-56
https://doi.org/10.1016/j.foodres.2019.03.044
https://doi.org/10.1016/j.foodres.2019.03.044
https://doi.org/10.1016/j.foodres.2019.03.044
https://doi.org/10.1590/S0101-20612014005000009
https://doi.org/10.1016/j.foodchem.2024.139664
https://doi.org/10.1021/jf00125a009
https://doi.org/10.1021/jf2041593
https://doi.org/10.1021/jf2041593
https://doi.org/10.1016/j.foodchem.2024.139035
https://doi.org/10.1016/j.lwt.2016.07.009
https://doi.org/10.1016/j.lwt.2016.07.009
https://doi.org/10.1016/j.lwt.2016.07.009
https://doi.org/10.1016/j.meatsci.2007.03.021
https://doi.org/10.1016/j.ultsonch.2021.105582
https://doi.org/10.1016/j.ultsonch.2021.105582
https://doi.org/10.1016/j.ultsonch.2021.105582
https://doi.org/10.2527/jas1984.5861376x

. 444 - Q&T\lv*’Lﬁ

2025 4F 5 A

14-18,22. [FU H H. Optimization of processing technology for
low-salt bacon [J]. Meat Industry, 2019(7): 14—18,22. ]

[60] JIANG F Y, ZHANG J, ZHANG R Y, et al. Effects of ultra-
sound-assisted vacuum tumbling on the flavor of spiced beef[J].
Food Bioscience, 2024, 58: 103652.

[61] LI'Y, FENG T, SUN J X, et al. Physicochemical and mi-
crostructural attributes of marinated chicken breast influenced by
breathing ultrasonic tumbling[J]. Ultrasonics Sonochemistry, 2020,
64:105022.

[62] GOMEZ-SALAZAR J A, GALVAN-NAVARRO A, LORE-
NZO J M, et al. Ultrasound effect on salt reduction in meat prod-
ucts: A review[J]. Current Opinion in Food Science, 2021, 38:
71-78.

[ 63 ] PEREZ-SANTAESCOLASTICA C, FRAEYE I, BARBA F
J, et al. Application of non-invasive technologies in dry-cured ham: A
n overview[J]. Trends in Food Science & Technology, 2019, 86:
360-374.

[ 64 ] INGUGLIA E S, GRANATO D, KERRY J P, et al. Ultra-
sound for meat processing: Effects of salt reduction and storage on
meat quality parameters [J]. Applied Sciences, 2020, 11(1): 117.

[ 65] BARRETTO T L, POLLONIO M A R, TELIS-ROMERO J,
et al. Improving sensory acceptance and physicochemical properties
by ultrasound application to restructured cooked ham with salt
(NaCl) reduction[J]. Meat Science, 2018, 145: 55-62.

[66] &TRK, Z/A4mm, Tam, & h 5 XaF IR LEES
BB AR S A Hm ] &b KLk, 2021,47(24):
179-186. [ GAO Z W, WU D X, WANG H P, et al. Effects of cur-
ing process on myofibrillar protein characteristics and water distri-
bution of beef[J]. Food and Fermentation Industries, 2021, 47(24):
179-186. ]

[67] PINGRET D, FABIANO-TIXIER A S, CHEMAT F. Degra-
dation during application of ultrasound in food processing: A re-
view [J]. Food Control, 2013, 31(2): 593—606.

[68 ] KANGD C,ZOU Y H, CHENG Y P, et al. Effects of power
ultrasound on oxidation and structure of beef proteins during curing
processing [J]. Ultrasonics Sonochemistry, 2016, 33: 47-53.

[69] BOSSE R, MULLER A, GIBIS M, et al. Recent advances in
cured raw ham manufacture[J]. Critical Reviews in Food Science
and Nutrition, 2018, 58(4): 610—630.

[ 70 ] PICOUET P A, SALA X, GARCIA-GIL N, et al. High pres-
sure processing of dry-cured ham: Ultrastructural and molecular
changes affecting sodium and water dynamics[J]. Innovative Food
Science & Emerging Technologies, 2012, 16: 335-340.

[71] ZHOU Y, WATKINS P, OISETH S, et al. High pressure pro-
cessing improves the sensory quality of sodium-reduced chicken
sausage formulated with three anion types of potassium salt[J].
Food Control, 2021, 126: 108008.

[72] BOLUMAR T, ORLIEN V, SIKES A, et al. High-pressure
processing of meat: Molecular impacts and industrial applications
[J]. Comprehensive Reviews in Food Science and Food Safety,
2021,20(1): 332-368.

[ 73 ] FULLADOSA E, SALA X, GOU P, et al. K-lactate and high
pressure effects on the safety and quality of restructured hams[J].
Meat Science, 2012, 91(1): 56-61.

[74] NUYGEN M, ARVAJ L, BALAMURUGAN S. The use of
high pressure processing to compensate for the effects of salt reduc-
tion in ready-to-eat meat products[J]. Critical Reviews in Food Sci-
ence and Nutrition, 2024, 64(9): 2533-2547.

[75] CLARIANA M, GUERRERO L, SARRAGA C, et al. Influ-

ence of high pressure application on the nutritional, sensory and mi-
crobiological characteristics of sliced skin vacuum packed dry-cured
ham. Effects along the storage period [J]. Innovative Food Science
& Emerging Technologies, 2011, 12(4): 456—465.

[ 76 ] BHAT Z F, MORTON J D, MASON S L, et al. Current and
future prospects for the use of pulsed electric field in the meat indus-
try[J]. Critical Reviews in Food Science and Nutrition, 2019,
59(10): 1660-1674.

[77] ZHANG Y, WANG R, WEN Q H, et al. Effects of pulsed
electric field pretreatment on mass transfer and quality of beef dur-
ing marination process[J]. Innovative Food Science & Emerging
Technologies, 2022, 80: 103061.

[78 ] DONG Z Q, LI X F, LIU Z, et al. Pulsed electric field using
the needle—needle electrodes for improving the salt diffusion of pork
brine salting [J]. Journal of Food Science, 2023, 88(5): 2023-2035.
[79] GUOY C,HAN MY, CHEN L, et al. Pulsed electric field: A
novel processing technology for meat quality enhancing[J]. Food
Bioscience, 2024, 58: 103645.

[80] JEONG S H, KIM E C, LEE D U. The impact of a consecu-
tive process of pulsed electric field, sous-vide cooking, and reheat-
ing on the properties of beef semitendinosus muscle [J] Foods, 2020,
9(11): 1674.

[81] KHAN A A, RANDHAWA M A, CARNE A, et al. Effect of
low and high pulsed electric field on the quality and nutritional min-
erals in cold boned beef M. longissimus et lumborum[J]. Innovative
Food Science & Emerging Technologies, 2017, 41: 135—143.

[82] SAULIS G. Electroporation of cell membranes: The funda-
mental effects of pulsed electric fields in food processing[J]. Food
Engineering Reviews, 2010, 2: 52—73.

[83] O'DOWD L P, ARIMI J M, NOCI F, et al. An assessment of
the effect of pulsed electrical fields on tenderness and selected quali-
ty attributes of post rigour beef muscle[J]. Meat Science, 2013, 93
(2):303-309.

[ 84 ] GONG X H, WAN J, ZHOU Y, et al. Mediated curing strate-
gy: An overview of salt reduction for dry-cured meat products[J].
Food Reviews International, 2023, 39(7): 4565—4580.

[ 85] CHEN D, ZHU QJ, ZHOU Y, et al. Simulation study of xyli-
tol-mediated effect on NaCl diffusion behavior in cured pork tender-
loin[J]. Foods, 2023, 12(7): 1451.

[86] DIMAKOPOULOU-PAPAZOGLOU D, KATSANIDIS E.
Diffusion coefficients and volume changes of beef meat during os-
motic dehydration in binary and ternary solutions[J]. Food and Bio-
products Processing, 2019, 116: 10—19.

[87] CHEN C, LI W Z, SONG Y C, et al. Concentration depen-
dence of water self-diffusion coefficients in dilute glycerol-water bi-
nary and glycerol-water—sodium chloride ternary solutions and the
insights from hydrogen bonds[J]. Molecular Physics, 2012, 110(5):
283-291.

[88] XA m. #7 A Kb ah & Bk A4 KRS R B e Rus
WA [D]. StFa: 590 X 52, 2020. [ LIU C L. Effect of new cur-
ing on quality and proteomics of fermented loin ham[D]. Guiyang:
Guizhou University, 2020. ]

[89] GU S, ZHU Q J, ZHOU Y, et al. Effect of ultrasound com-
bined with glycerol-mediated low-sodium curing on the quality and
protein structure of pork tenderloin[J]. Foods, 2022, 11(23): 3798.
[90] LIUL G, ZHOU Y, WAN J, et al. Mechanism of polyhy-
droxy alcohol-mediated curing on moisture migration of minced
pork tenderloin: On the basis of molecular docking[J]. Food Chem-
istry: X, 2022, 15: 100401.


https://doi.org/10.1016/j.fbio.2024.103652
https://doi.org/10.1016/j.ultsonch.2020.105022
https://doi.org/10.1016/j.cofs.2020.10.030
https://doi.org/10.3390/app11010117
https://doi.org/10.1016/j.meatsci.2018.05.023
https://doi.org/10.1016/j.foodcont.2012.11.039
https://doi.org/10.1016/j.ultsonch.2016.04.024
https://doi.org/10.1080/10408398.2016.1208634
https://doi.org/10.1080/10408398.2016.1208634
https://doi.org/10.1016/j.foodcont.2021.108008
https://doi.org/10.1111/1541-4337.12670
https://doi.org/10.1016/j.meatsci.2011.12.006
https://doi.org/10.1080/10408398.2022.2124398
https://doi.org/10.1080/10408398.2022.2124398
https://doi.org/10.1080/10408398.2022.2124398
https://doi.org/10.1080/10408398.2018.1425825
https://doi.org/10.1111/1750-3841.16528
https://doi.org/10.1016/j.fbio.2024.103645
https://doi.org/10.1016/j.fbio.2024.103645
https://doi.org/10.1007/s12393-010-9023-3
https://doi.org/10.1007/s12393-010-9023-3
https://doi.org/10.1016/j.meatsci.2012.09.010
https://doi.org/10.1080/87559129.2022.2029478
https://doi.org/10.3390/foods12071451
https://doi.org/10.1016/j.fbp.2019.04.007
https://doi.org/10.1016/j.fbp.2019.04.007
https://doi.org/10.1016/j.fbp.2019.04.007
https://doi.org/10.1080/00268976.2011.641602
https://doi.org/10.3390/foods11233798

	1 干腌火腿常用减盐策略
	1.1 直接减少食盐添加量
	1.2 添加钠盐替代物
	1.2.1 氯盐替代物
	1.2.2 非氯盐替代物

	1.3 风味增强剂

	2 干腌火腿新型减盐策略
	2.1 食盐物理形态改性
	2.2 咸味肽
	2.3 物理介导腌制技术
	2.3.1 真空技术
	2.3.2 超声波（US）技术
	2.3.3 超高压（UHP）技术
	2.3.4 脉冲电场（PFF）技术

	2.4 外源物介导腌制

	3 结语
	参考文献

